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PREFACE TO THE FOURTH EDITIOIf. 


The revi^n of the United States Pharmacopoeia has necessitat(((| 
the issue of a new edition of this texl^book, and the opportunity has 
Insen taken to record such advances in the subjects of Pharmacology 
and Therapeutics as have been made in the last two years. In order 
to permit of this being done, and, in particular, to admit of references 
to the newer, literature of the subject, some of the older bibliography 
has been curtailed. As a general rule, the new authore quoted have 
given'Meferences to their predecessors, but in some instances it may be 
necessary to refer to the earlier editions in order to complete the bibli- 
ography. The changes made in the text arc hx) numerous to be 
detmled here, but perhaps attention may be called to the new features 
brought out by Embley and others in regard to the action of chloro- 
^ fo¥m and its dangers, and to the change in the v*l^s held as to the 
eflFects of wood-alcohol in man. 

The index of drugs, classified according to their therapeutic uses, 
4ias loen retained in view of its manifest usefulness. 

I have to express again my appreciation of the kindness of many 
friends who have aided me by suggestions, and to record my indebted- 
ness tk Dr. W. J. McNeal for reading the proofs of this edition. 


A. R. C. 




PREFACE TO THE FIRST EDiriOK 


The following pages were written to supply a want which I have 
felt keenly in teaching the subject of pharmacology to students who 
have complete^ the purely scientific branches of medicine and are be- 
ginning their clinical studies. My object has been to bridge over the 
hiatus which exists between the phenomena occurring in the normal 
organism and those which are elicited in the therapeutic use of drugs, 
to show how far the clinical effects of remedies may be explained by 
their action on the normal body, and how these may in turn be cor- 
related with physiological phenomena. It necessarily follows that the 
•subject is treated from the experimental standpoint, and that the re- 
sults of the laboratory investigator are made the basis of almost every 
statement. Where these fail to elucidate the therapeutic effects or 
even to suggest a possible explanation, I have preferred to leave the 
question undiscussed rather than to call on such occult del ex machim 
as alterative or tonic actions. 

Two great difficulties present themselves at the outset to the writer 
on pharmacology who is not satisfied to take his statements at second 
hand, or to formulate explanations from his unaided inner conscious- 
ness ; these are the overwhelming literature on the subject, and the 
wide limits of the field of study. As regards the first, I have read, as 
far as was in my power, the original papers of importance, and in order 
to facilitate the work of others who may wish to follow this, the only 
satisfactory method of study, have appended a bibliography to each 
chapter. It was impossible within the limits of a textbook to make 
this complete, or even to enumerate more than a few of the works con- 
sulted, and I have accordingly selected those which appeared most 
important, and those which were furnished with the most complete 
bibliography. 

As regards the scope of the work, I have attempted to give the 
present standpoint of knowledge of such bodies as are of therapeutic or 
"toxicological interest, and also of those which, possessing in themselves 
no immediate interest in practical medicine, have thrown important 
light on biological problems, and are accordingly likely to be referred, 
to in scientific literature. 
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Unfortunately^ a writer on this subject cannot as yet restrict his at- 
tention to these classes, but must refer at more or less length to many 
drugs which possess little interest either from a therapeutic or a scien- 
tific point of view. It is true that the more advanced teachers of 
medicine have very properly abbreviated their lists of remedies, until 
those generally employed may be enumerated in units where they were 
once counted in scores, but the student on going into practice meets 
numbers of drugs previously unknown to him, and not appreciating 
that these have already been tried and discarded by his teachers, is 
tempted to fall into the slough of unreasoning empiricism. There is 
still a tendency even among the educated to ascribe therapeutic virtues 
to every new weed and every new product of chemical industry, and 
the teacher of pharmacology must not only point out the good, but has 
the more ungrateful task of condemning the worthless. The period of 
constructive pharmacology has scarcely dawned; at present its chief 
function is destructive and critical. 

In dealing with each drug, I have attempted to unify the whole ac- 
tion by using the most distinctive feature as a centre around which to 
group the less important symptoms. Where, as is often the case, 
there is a divergence of views among authorities, I have generally pre- 
sented only one side of the question, except in very important subjects. 
This dogmatic method has of course its drawbacks, but is, I think, 
preferable to involving the student in a labyrinth of arguments and 
counter-arguments, the respective weight of which he is quite unable 
to estimate. 

The preparations enumerated are those included in the United States 
and the British Pharmacopoeias, and such others as seemed of sufficient 
importance. I have attempted to indicate by special type (small capi- 
tals) those that are more generally used. 

Some explanation may seem necessary for the introduction of the 
word therapeutics ” in the title, in view of the fact that pharmacology 
is stated in the introduction to embrace all that part of therapeutics 
which can be treated of apart from clinical lectures. This definition 
is not universally used, however, and it has been felt advisable to in-* 
dicate more distinctly the scope of the work by adding the more 
familiar term. 

To those acquainted with the Gh^ndriss det' Ai^ndmitteUehre of 
Schmiedeberg, it is unnecessary to state that this volume has been 
largely inspired by that classical work. Some chapters maj^ in fact 
be regarded as merely ^expansions of those issued from the Strassburg 
lp>boratory, but this ipust necessarily be the ca^ in any work which 
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pretends to treat the subject from the experimental standpoint. The 
use of such a model naturally exposes the writer to the criticism that 
he has fallen short of the original standard, especially when such 
divergences are made from it as occur in this work. But if I have 
departed from the letter in some respects, I hope that at least the spirit 
of the Ghrundnsa has been preserved in these pages. I must acknowl- 
edge my indebtedness for references to papers which might have 
otherwise escaped my notice to the following textbooks: Robertas 
Lehrbuch der Irdoxicationen, Lewin^s Nebmwirhungen der ArzndmiUdy 
Husemann^s Pflanzmstoffe^ Harnack’s Arzndmittdlehre, H. C. Wood^s 
TherapeuticSj its Principles and Practices and Stokvis^ Legons de Phar^ 
rnacotherapie. 

Finally, I have much pleasure in acknowledging the assistance of my 
colleagues in the preparation of this work, particularly that of Profes- 
sor Huber, who furnished several of the illustrations. Dr. G. B. 
Wallace has put me under lasting obligations through the patience and 
care which he has bestowed on the tedious task of proof-correction^ 
and I must thank Dr. W. Mogk also for his assistance in this part of 
the work. 

Univebsity op Michigan, 

Ann Abboe, Mich., June, 1899. 
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A TEXT BOOK OF PHARMACOLOGY. 


INTRODUCTION. 

Pharmacology is the study of the changes induced in living organ- 
isms by the administration in a state of minute division of such un- 
organized substances as do not act merely as foods. Many of the best 
khown of these substances are used to counteract the effects of disease^ 
or to reinforce the tissues in their struggle to maintain their functions^ 
when these are rendered abnormal. These substances are known as 
« driji,gs, and the art of applying drugs in disease, is Thempeutics. Other 
substances are of little or no value in disease, but are of importance 
because they act as poisons, that is, cause dangerous or fatal symptoms 
in man or animals, when they are ingested in quantity. The practical 
study of the effects of these poisons in man — the diagnosis and the 
treatment of poisoning, and the methods of detecting the poison — is 
termed Toxicology. But the explanation of the symptoms induced by 
chemical substances, and their study, as apart from their practical ap- 
plications, belong to the field of pharmacology, which includes not only 
the effects of drugs and poisons, but those of any substance which 
induces changes in the living organism, whether those changes are of 
benefit to it, injurious, or quite indifferent.^ 

The substances must, of course, conform to the requirements of the defini- 
tion. Thus, a needle introduced into the tissues induces effects which are 
outside the field of pharmacological investigation, because it is not in a state 
of minute division. But the iron of the needle may be reduced to a fine 
powder and induce changes in the body which are then the legitimate subject 
of research. Similarly the drug must be introduced from without, for many 
active agents are formed within the body, but their study belongs rather to 
the departments of physiology and pathology ; and the effects of organized 
bodies introduced from without are now studied under bacteriology. Phar- 
macology is really a department of biology, very closely related to the other 
sciences included by that term. Thus, as physiology is jibe study of the life 
of the normal organism, pharmacology is the study of the organism rendered 
^ abnormal by drugs, while in pathology the phenomena of life under disease 
are examined. All three subjects may be pursued without reference to the 
practical needs of medicine, and all three are closely interconnected and 
mutually dependent, for, in many instances, the normal condition of an 
organ can be recognized only by considering the results of its destruction ; 
hy disease (pathology), or of its paralysis or stimulation by chemical agentO 

V ^ ^ It is qftite impossible to distinguish between drugs and poisons. Almost all reme? ^ 
diesgiven in excess cause dangerous or fatal symptoms, while many poisons are valuable 
remwes in small doses. Some bodies may in fact be remedies, foods, or poisons ai^rdr ' 
^ ii^ to the quantity ingested and the method of application. 

v 2 17 
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(pharmacology). Similarly, many of the features of disease are tioW rec- 
ognized to be due to the presence of unorganized poisons formed in and by 
the tissues, and it accordingly becomes difficult to accurately define the 
limits of pathology and pharmacology; Thus, the toxines formed by microbes 
resemble in their action some, of the ordinary drugs or poisons, and might be 
considered along with these. But the study of these toxines is so closely 
bound up with that of the microbes from which they originate, that it has 
been thought better to leave them to be treated by special text-books on bac- 
teriology. For a similar reason the antitoxines, which play so prominent a 
r 61 e in modern therapeutics, may be excluded from treatises on pharmacol- 
ogy, for the present at any rate. 

Even when these limitations are accepted, pharmacology has an 
enormous field to cover, and one which has been only veiy partially ex- 
plored at the present day, in spite of the unremitting industry of many 
investigators. But a small part of the subject has been sufficiently 
developed to admit of text-book treatment, that namely, which is con- 
cerned witii drugs used in therapeutics and with the comnioner poisons. 
The slow advance of pharmacology is partly due to its position midway 
between the biological sciences and practical therapeutics, for while the 
biologist confounds it with clinical study, the clinician regards it as an 
experimental science. Its relation to biology has already been men- 
tioned and its relation to practical therapeutics is no less close, for the 
efiects of drugs in disease are as much a part of pharmacology as is their 
action in the normal organism. The aims of the pharmacologist and the 
clinician are not identical, however. The former seeks to solve the 
problem how the drug acts in a given case, while the primary object of 
the latter is to remedy the condition by any means in his power. Thus, 
in a case of heart weakness, the clinician prescribes some remedy which 
he has found of benefit in other similar cases, and regards only as of 
secondary interest the question w^hich to the pharmacologist is the 
absorbing one, namely, whether the drug acts on the heart directly or 
through some other organ. Of course the results are of mutual ad- 
vantage, for the physician supplies the experimental investigator with 
new facts and with new fields of inquiry, while the latter may indicate 
more exactly the conditions in which the drug is likely to be of benefit 
in the future by defining the method in which it acts. It is, therefore, 
much to be regretted that difierences of opinion so often arise between 
these two classes of observers, for these can only retard the progress of 
both the science and the practical art. Doubtless there are often faults 
on both sides. The scientist sometimes insists too strongly on induc- 
tions drawn from a limited number of animal experiments, and refuses 
to admit results which have been obtained in thousands of cases of dis- 
ease by competent observers. On the other hand, the therapeutist often 
lays too little weight on the general principles governing the interaction 
of the drug and the organism. Both often exceed the limits of their 
provinces, the scientist in refusing to admit effects of which he has per- 
force but a small experience, the clinician in attempting to fefute de- 
ductions founded on experiments which he has no opportunity of per- 
forming. An example may render the relation of these allied subjects 
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clearer, and one has been recently offered in the discussion regarding 
the effects of iron. This metal has been used for many years in a form 
of ansemia, and its curative properties are attested by many thousands 
of cases and by whole generations of practical physicians. A phar- 
macologist, therefore, exceeds his province when he expresses doubt 
regarding this clinical fact simply because he is unable to explain it, 
but he is within his rights in discussing the means by which iron acts 
as a remedy. The clinician, on the other hand, enters on a pharma- 
cological question when he attempts to determine whether iron acts by 
absorption or by its presence in the bowel, and must base his argu- 
ments on scientific experiment and not on his clinical experience of the 
curative effects of the metal. ‘Fortunately for the progress of medicine 
and pharmacology, the scientific clinician is imbued with the desire to 
ascertain the methods in which drugs act as well as to cure disease, and 
thus unites clinical observation with pharmacological research. It is 
to be anticipated that the results of the practical physician and of the 
experimental investigator will come into more complete accord as 
more exact methods of clinical research are used by the former, and 
a wider laboratory experience is attained by the latter. But both 
methods are necessary to the complete knowledge of the action of a 
drug. Animal experiment cannot be dispensed with, for only thus 
can the action of drugs be ascertained in detail and expeditiously, and 
at the present time, when a new remedy appears almost every week, it 
is impossible to await the verdict of the clinics to separate the useful 
from the worthless, even if it were permissible to apply to the’ human 
subject drugs of unknown action and potency. 

Pharmacology is one of the most recent developments of medical and 
biological science. It is true that from the earliest times attempts have 
been made to explain the effects of drugs on the then prevailing theo- 
ries of pathology, but the objective study of the action of drugs on the 
organism has been a development of the nineteenth century, or it might 
almost be said, of the second half of it. During this period the same 
methods of research have been adopted as had earlier proved so fruitful 
in physiology and pathology, and with equally happy results. The 
study of drugs was termed Materia Mediea up to this time, and com- 
prised an examination of their botanical and chemical properties along 
with some account of the diseases in which they had proved of value. 
This descriptive rather than experimental study has been continued 
under the name of Pharmaeognosy^ but is now pursued by pharmacists 
, chiefly. Undoubtedly the student of medicine ought to know those 
characters of drugs which are of importance as modifying their action 
and application, but it is undesirable that his valuabfe time should be 
occupi^ in the detailed description of crude substances, which he may 
probably never have an opportunity of seeing in his future practice. 

Another subject which now occupies a much Jess prominent position 
in medical study than formerly, is Pharmaey, or the art of preparing 
drugs for therapeutic use. Some general knowledge of the methods 
used is no doubt indispensable to the educated physician, but the de- 
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tails may be left to the pharmacist. Pharmacy will probably occupy a> 
still more subordinate position in medical education as the tendency 
to include only one or two drugs in a prescription becomes more wide- 
spread. As long as a dozen or more components went to make bnc 
mixture, it was of importance to know their solubility and their inter- 
actions, but with the decay of the complex prescription the study of 
pharmacy by medical students has certainly become less imperative. 

MODE OF ACTION OF DRUGS. STIMULATION, 
DEPRESSION AND IRRITATION. 

A small number of drugs affect the organism only through their jpAy- 
aiml properties, as when an inert oily body is applied to an abraded 
surface and promotes its healing by protecting it from irritation and 
from the evaporation of fluid, or when common salt absorbed into the 
blood changes its osmotic tension, and thus alters the distribution of 
fluids in the tissues. 

, But the great majority of drugs act through their cliemicai affinity 
for certain forms of living matter. They probably form temporary 
combinations with some forms of protoplasm, and alter the function of 
all cells which contain these forms. At least this is the only explana- 
tion of their affecting certain organs while others escape their .influ- 
ence. To take an example, the cells of the spinal cord normally receive 
sensory impressions from the exterior and send out motor impulses. 
But under strychnine the motor impulses are much more violent than 
usual, and this may be expressed by saying that the combination of 
strychnine and cord protoplasm functions more powerfully than unal- 
tered cord protoplasm. The activity is changed, however, only in de- 
gree and not in kind ; the reflex movement may be more powerful or 
less powerful than normally, but it remains a reflex movement and‘ can- 
not under any circumstances partake of the nature of a voluntary move- 
ment. In other words, the action of drugs is quantitative and not 
qualitative, the activity of living matter may be changed, but the form 
which the activity assumes is unchangeable. 

In recent years much attention has been paid to a series of natural 
phenomena occurring in the border-land between physics and chem- 
istry and the application of the results of physical chemistry” to 
pharmacology has proved of great value already and promises to eluci- 
date in the future many problems which have hitherto been unap- 
proachable. Examples of such applications will be met in the Meyer- 
Oyerton theory of narcosis and in the chapters on salt action. The * 
tendency of stu(ty in this direction is to reduce the class of reactions 
which have hitherto been ascribed to special chemical affinity between 
drugs and protoplasm and to attribute many of the changes induced by 
drugs to the physical^ structure of the living cell rather than to its 
chemical constitution. • 

Drugs which increase the activity of any organ or function are said 
to aUrn^ate it, wliile those which lessen the activity are said io d^rm 
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iti Another condition induced by drugs is imtation^ for although tfek 
term^ often applied loosely as a synonym for stimulation, the two 
conditions are not identical. Stimulation is properly used to indicate 
an increase in the specialized function of a cell, producing, for instance^ 
in the spinal cord an increase in the reflex excitability. Irritation, 
on the other hand, is used rather in reference to the changes in the 
conditions common to all forms of living matter, that is, it indicates a 
change in the nutrition and growth of the cell, rather than in the 
specialized functions. Irritation may thus be induced in all kinds 
of tissues and is the commonest change caused by drugs in the less 
difierentiated forms such as the connective tissues and ordinary 
epithelia; while stimulation is met with in the more highly specialized 
cells, such as those of the heart, nervous system, or secretory glands. 
In many instances the irritant action of drugs may be explained by 
their known reactions with the proteids of the cell ; for example, sub- 
stances which dissolve proteids, or precipitate them, or withdraw fluid 
from them, all tend to cause irritation when they are applied to living 
tissues. In other cases irritation appears to be induced through some 
chemical action the nature of which is quite unknown. 

When stimulation is prolonged or excessive, the protoplasm gener- 
ally becomes depressed and finally loses its activity entirely (paralysis). 
Some authorities have asserted that depression is invariably preceded 
by stimulation, and that stimulation sufficiently prolonged invariably 
leads to depression and paralysis. Both statements are too absolute, 
although they are true in the great majority of cases. For example, 
the action of atropine on the terminations of the cardiac inhibitory 
nerves is purely depressant. Even the most minute quantities of this 
alkaloid never increase the activity of these terminations, for if a quan- 
tity too small to paralyze them is ingested, it has apparently no efiects 
whatever, and as the dose is increased, the first effect is paralysis. 

Depression, whether induced directly, or following on stimulation, 
has been shown in several instances to resemble the fatigue induced by 
the prolonged exercise of the normal organ, and it is probably true that 
depression and fatigue are, in all instances, identical in appearance, al- 
though not necessarily identical in cause. For example, the phenom- 
ena of fatigue of the terminations of the motor nerves in muscle re- 
semble exactly those induced by curara, but in the former the cause 
may be that the conducting substance of the nerve ends has been used 
up by the repeated passage of impulses, while in the latter the conduct- 
« ing substance is so changed that it becomes incapable of transmitting 
stimuli to the muscles. The final result is, of course^ the same ; there 
being no available conducting substance, impulses fail to reach the 
muscle. But the fatigued terminations rapidly recover, as conducting 
substance is reformed, while the curarized recover only when the poison 
is eliminated. • 

In most cases an excessive dose of a stimulating poison leads to do-, 
pression and paralysis. The cell becomes functionally dead, but if the • ^ 
failure of its function does not involve the death of the organism, it : 
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may recover and reassiime its ordinary function as if no stage of inac- 
tivity had intervened. Excessive irritation, on the other hand, leads 
to actiml death and disintegration, from which there is no recovery. 
For example, the cells of the spinal cord are first stimulated, and later 
paralyzed by a large dose of strychnine, but this is not fatal to cold- 
blooded animals, and after a few days the spinal cord regains its nor- 
mal function, as the poison is eliminated. On the other hand, the in- 
jection of an irritant into the subcutaneous tissues causes dilatation of 
the vessels, effusion of fluid, and increased growth and rapid division 
of the cells. If only a small quantity be injected, this condition is 
recovered from, although it generally leaves evidence of its presence in 
the form of an increase in the fibrous tissue. But if the irritation be 
intense, the cells undergo degeneration and die, and an abscess is 
formed. The cells thus destroyed can never recover as the paralyzed 
ones do. They are either absorbed, or removed by the opening of the 
abscess, and their room is filled by the overgrowth of the neighboring 
tissues. 

ELECTIVE AFFINITY OF DRUGS. PROTOPLASM POISONS. 

Most drugs have an elective affinity for certain definite tissues. 
Thus, some attack the heart only, others the central nervous system 
and others the terminations of the motor nerves in muscle. Among 
the cardiac poisons again, some act on the ventricle, others on the 
auricle, and among the poisons of the central nervous system, some act 
primarily on the cortex, others on the medulla oblongata and others 
on the spinal cord. This elective affinity is not merely a question of 
degree, as is sometimes stated, for a drug which has a. powerful action 
on the brain, may have no effect on the heart except when administered 
in such quantities as alter the physical characters of the blood. A 
drug may even alter different structures in diametrically opposite direc- 
tions. Thus, atropine depresses certain nerve terminations, but stimu- 
lates the brain, and curara, which paralyzes the peripheral terminations 
of the motor nerves, stimulates the spinal cord. In some instances 
the immunity of a cell to the action of a drug may perhaps be explained 
by the latter failing to penetrate into its interior, but this is not true in 
the great majority of cases. 

The fields of activity of different drugs vary greatly in extent. One 
may comprise only the terminations of the secretory fibres in the sweat 
glands (agaricin), while another, which affects these in the same way, 
may involve many other terminations in its action (atropine). Most 
poisons, however, while acting on a certain narrow area in small doses, 
extend the limits of their activity when larger quantities are ingested. 
Thus, a poison which acts in small doses on the medulla oblongata 
only, may, when exhibhed in larger quantities, involve the spinal cord 
and the brain, and in still greater concentration may affect the heart 
and other organs. No poison is known that acts equally on all organs 
,and tissues, but those which have a wide field of operation are often 
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known as protoplasm poisons. These paralyze any form of living mat- 
ter when they are brought in contact with it in sufficient quantity, but 
if they are injected, into the blood and thus distributed equally through- 
out the body, they invariably select some special organ as the chief 
seat of their activity. This is exactly parallel to the behavior of chem- 
ical agents in the laboratory. For example, acetate of lead added to 
a solution of a chloride, or of a sulphate, precipitates it, but added to 
a mixture of the two, throws down more of the sulphate than of the 
chloride. Nitrate of silver, on the other hand, precipitates the chloride 
only. Acetate of lead may be compared to the protoplasm poisons, 
nitrate of silver to those with a less extensive field of action. As proto- 
plasm poisons affect a large number of different forms of living matter 
it follows that they alter the nutrition rather than specialized functions. 
Many of them cause irritation ; others are used to destroy or retard the 
growth of microbes and are known as disinfectants or antiseptics. 

REMOTE, LOCAL, AND GENERAL ACTION. 

Drugs change directly only those organs and tissues with which they 
come into immediate contact. But the alteration of one pavt of the 
organism very often entails that of another to which the drug may not 
have access, or for which it has no special affinity, because impulses are 
transmitted through the nerves, or changes are induced in the circula- 
tion and nutrition. Thus irritation of the skin may alter the rate of 
the pulse by impressions being transmitted by the cutaneous nerves 
and reflected along the inhibitory nerves of the heart. Similarly a 
poison that weakens the heart may induce disorder of the respiration, 
from the circulation being deficient in the medulla oblongata; and 
depression of the brain may lessen the oxidation in the muscles, because 
it leads to lessened movement. These secondary changes, which are 
not due to the direct action of the drug on the organs concerned, are 
known as remote or indireei effects. 

The toca? action of a drug is tliat induced at the point of application 
before it enters the circulation, tkvoi general or systemic action is. that due 
to its elective affinity for certain organs to which it is carried by the 
blood. The local effects are very often entirely different in nature 
from the general action, for a drug may act as an irritant at the point 
of application and as a depressant to the brain when it is carried to it 
in the blood. Local effects may be induced wherever the drug can be 
applied — in the skin, the alimentary tract, the respiratory passages, and 
the other mucous membranes. They also occur in ^he subcutaneous 
tissues when the poison is injected hypodermically, and in any of the 
deeper organs and tissues which can be reached by the needle of the 
syringe. Local remedies may cause irritation, or may protect the sur- 
face frqpa irritation, may depress the sensor)^ end-organs and cause 
local ansDsthesia, or lessen secretion, or alter the functions at the point 
of application in many other ways. They may also have remote effects, 
as has been mentioned. Many drugs have only a local action, because 
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they are not absorbed^ are absorbed in inactive forms, or are excreted 
or deposited as rapidly as they pass into the circulation, so that enough 
is nq^t present in the blood at any one time to induce general eflPects. 
On the other hand, many powerful poisons have little or no effect at the 
point of application, but possess an elective affinity only for some 
organ to which they are carried by the circulation. 

THE RELATION BETWEEN CHEMICAL COMPOSITION 
AND PHARMACOLOGICAL ACTION. 

As the effect of drugs on living matter is conceived to be due to a 
chemical reaction between them, it might be inferred that those drugs 
which present a close resemblance in their chemical properties and com- 
position must induce similar changes in the organism. And this is true 
as a geneml statement, although the relation existing between chemical 
constitution and pharmacological action can be followed only a short 
distance as yet. For example, so many members of the methane series 
of chemistry depress the central nervous system that this may be re- 
garded as a general property of these bodies, just as they possess certain 
general chemical reactions, which distinguish them from the members 
of other chemical series. In the same way, the heavy metals resemble 
each other in their general effects on the organism, just as they react 
similarly to some chemical tests. But whenever an attempt is made to 
follow this relation in detail, the analogy breaks down, because factors 
which it is impossible to deduce from the chemical constitution, make 
themselves felt. Exactly the same thing occurs in chemistry; for 
example, the heavy metals resemble each other in so many respects that 
it might be inferred that the sulphides would be of the same color, or 
that the chlorides- would be equally soluble in water, but experiment 
shows that this is not the case. In the same way they resemble each 
other in many points in their effects in the organism, but it cannot be 
inferred from this that they will have the same effect on any given 
organ or in any given respect. A simple example of the very differ- 
ent effects in the organism of drugs which are closely related chemically, 
is offered by the action of the simpler members of the acetic acid series 
on the sense of smell. For formic, acetic, proprionic, butyric and 
valerianic acids can be easily distinguished by their odors, that is, they 
act differently on the terminations of the olfactory nerves, yet they 
form a homologous series of as closely related members as any chemical 
series can offer. They present certain differences in their chemical < 
reactions, of course; for example they vary considerably in the solu- 
bility of the salts they form with barium and calcium, and it is im- 
possible to explain, or to anticipate these variations, from any consider- 
ation of their chemical constitution. If then their reactions with such 
simple and familiar bodies as calcium and bai'ium cannot be anticipated, 
it would seem futile to*attempt to foretell their behavior towirds the 
infinitely more complex and less known protoplasm of the nerve ter- 
; minations. ' 
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A great deal of time and energy has been devoted to an attempt to 
bring the effects in the organism of certain metals (notably the alkalies) 
into relation with their atomic weights, their valency, electrical charges, 
and other properties, but no results are to be expected from these 
researches, so long as the ordinary chemical reactions of these bodies 
can only be formulated to a limit^ extent and imperfectly from such 
considerations. In particular, it seems of little interest to determine 
their exact relative toxicity, since there is no question that they do not 
all act on the same organs ; and if one act on the brain and another on the 
heart, one by its specific affinity for an organ and another by inducing 
physical changes in the fluids of the body, these differences are sufficient 
to nullify any relation which they may bear to each other in regard to 
the exact fatel dose. As has been stated, it may be inferred with some 
probability that any substance belonging to certain wide chemical groups 
will induce symptoms in the organism resembling in general characters 
those of the other members, provided always that it does not contain some 
radicle which renders it inactive, or gives it a more powerful action in 
some other direction. But the details of its action can be ascertained 
only by actual experiment, exactly as the details of its chemical be- 
havior can be known only by performing the necessary reactions ; and 
as there is no prospect of explaining the latter from its constitution at 
the present time, there is still less hope that much advance will be 
made in the near future in formulating the laws governing the details 
of its pharmacological effects. 

CONDITIONS MODIFYING THE EFFECTS OF DRUGS. 

The effects of drugs on the living organism are subject to some modi- 
fications in certain individuals, and under some conditions, which it 
is of importance that the physician should recognize, as the dose has to 
be altered when they are present. One of these is the Size and Weight. 
If the same amount of a poison be distributed through' the tissues of 
a large individual as of a small one, less is contained in any given organ 
of the former and less effect is therefore observed. This has been 
ascertained chiefly in animal experiment, in which the effects of 
drugs can be estimated much more exactly than in man, but it un^ 
doubtedly holds good for human beings also. Very large individ- 
uals, then, require a somewhat larger dose than ordinary persons, 
while in treating individuals of small stature, the dose h^ to be 
reduced. 

The Age of the patient has also to be taken into aqpount in prescrib-^ 
ing. Children ought to receive much smaller doses than adults. The 
more powerful action of drugs in children is due in part to their smaller 
size, in part to the more active growth of certain tissues and to the less i 
complete development of others, such as the central nervous system. . 
The dose for a child is generally calculated according to Young^j^^^ : 
formula, in which a fraction obtained by dividing the age by the age ^ 
12, is taken as the proportion of the adult dose required, Thipi^ for A S 
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child of four years, the dose would be ^ 
for one of one year (r^-) 


^ ^ = J i of the adult dose, 

of the adult dose. According to 


another less used formula, the dose for a child is ascertained by divid- 
ing the adult dose by 20, and multiplying the result by the age. 
Brunton suggests dividing the dose by 25 and multiplying the result 
by the age at the next birthday. These formulae are not, however, inva- 
riably safe guides to follow in prescribing. For example, the narcotics, 
particularly opium and its preparations, must be given during the first 
years of life in much smaller quantities than are indicated by Young^s 
rule, while alcohol may be administered in comparatively large doses. 

The usual dose advised has to be modified for children then, and 
'^ may be taken as that suitable from 20—60 years. After this age is 
passed, it is again reduced somewhat, so that from 70-80 about f of 
the adult dose is advised, and after 85 it may be reduced to J. There 
are exceptions to this rule also, large doses of the purgatives, for ex- 
ample, being often necessary in old people. 

Sex. — Women generally require somewhat smaller doses than men, 
because of their smaller size, and it is often stated, because their tissues 
react more strongly to some drugs, though this has not yet been satis- 
factorily establish^. 

Temporary conditions also influence the activity of drugs. Thus 
after a meal, a poison is absorbed more slowly from the stomach than 
when it is taken fasting, and any local irritant action is also less 
marked, because the drug is diluted by the contents of the stomach. 
Irritation of the stomach and irUestine may also modify the effects of 
drugs ; thus in some forms of dyspepsia the absorption is slower than 
usual and little effect may be induced by the ordinary dose, while irri- 
tant drugs naturally cause more disturbance of the digestion in these 
cases. On the other hand, a slight congestion of the stomach and bowel . 
tends to promote absorption, and it has been found that more of a 
heavy metal is absorbed when it causes some destruction of the mucous 
membrane than when it is given in smaller quantities. Vomiting 
and diarrhoea, of course, tend to lessen the action of drugs by re- 
moving them rapidly from the alimentary canal. 

During pregnancy, purgatives have to be used with great care, be- 
cause they induce congestion of the pelvis, and may lead to abortion. 
Drugs acting on the uterus, or inducing a marked fall of blood pres- 
sure, are to be avepded because the former may cause the evacuation of 
the uterine contents, while the latter may lead to asphyxia of the foetus. 
Many drugs pass from the mother to the child, and this is to be borne 
in mind, as quantities which are insufficient to poison the former may 
have more serious effects on the latter. During lactation, it is impor- 
tant to remember that. active bodies may be excreted in the milk, and 
may either act bn the child or render the milk distasteful to it. In 
iimstrmtion, purgatives are to be avoided, as they tend to increase 
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the flow, and all very active drugs are to be used with care or aban- 
doned temporarily. 

The Time of Administration has also some influence on the effects of 
drugs. The body is generally more resistant in the morning than in 
. the evening, especially in the case of narcotic drugs ; thus a dose of a 
soporific which may have little or no effect in the early hours, induces 
sound sleep when given in the evening, because the brain is already 
fatigued and depressed. 

Idiosyncrasy is used to denote an unusual effect for which no expla- 
nation can be found. Some persons react more readily than usual to 
the ordinary dose, while in other instances a much larger quantity can 
be taken without any effect. Others, again, show symptoms which are 
entirely different from, and which may, in fact, be diametrically opposite 
to those ordinarily observed. These idiosyncrasies are naturally more 
frequently seen, and are better known when they arise from widely 
used drugs. Thus the modern antipyretics have so often induced ab- 
normal symptoms that these are well known, but it is not improbable 
that if other drugs had been used, or rather abused, to the same extent, 
they would be found to induce unusual reactions in an equally large 
number of individuals. An idiosyncrasy, as has been said, cannot be 
explained in the present state of knowledge, but some conditions which 
have been termed idiosyncrasies are probably due to abnormally rapid, 
or to retarded absorption or excretion. Idiosyncrasies are not con- 
. fined to human beings, for not infrequently one animal reacts quite 
differently from others of the same species. 

As has been mentioned, one form of idiosyncrasy consists in the fail- 
ure of the individual to react to the ordinary dose of a drug. This is 
known as Tolerance, and this particular form of idiosyncrasy may be 
termed congenital tolerance. Certain species of animals tolerate quan- 
tities of drugs which would be fatal to others of the same size. In 
fact, so frequently is this the case that it is impossible to determine the 
• fatal dose of any drug on an animal from experiments performed upon 
others of a different species, even though it be nearly related. One of 
the most remarkable examples of this form of tolerance is met with in 
the hedgehog, which resists large doses of many very active poisons. 
Another well-known example is the. tolerance of the rabbit of large 
quantities of atropine. 

A form of tolerance which is a matter of everyday observation is that 
induced by the prolonged use of a drug, which has been called acquired 
tolerance, or mithridatisra, from the belief that Mithridates protected 
himself in this way from the danger of poisoning, ^"he most familiar 
example of this form of tolerance is that acquired for tobacco (nicotine) ; 
the first cigar often induces violent poisoning, but if a habit he formed, 
considerable amounts of nicotine may be absorbed without apparent harm, 
not because the absorption is retarded, or the. excretion is accelerated, 
but because the tissues become accustomed to the presence of small 
quantities of nicotine, and thus fail to react to it. Nicotine, in fact, ; 
becomes a normal constituent of the tissues. This tolerance is entirely 
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different from the immunity induced by toxalbumins (see Eicin), and it 
is desirable that the two terms should be kept distinct. -Very often 
while tolerance for a poison is established in certain tissues^ others 
suffer from the prolonged use of excessive quantities; for example, 
although the seasoned smoker does not suffer from the nausea and 
vomiting which followed his first essay, other organs may in course of 
time become involved, such as the heart or the eye. It is to be noted 
that tolerance is soon lost if the drug be discontinued for some time. 
This is of great importance in cases of opium-eating, for a person who 
has taken opium for a long time acquires a tolerance for the drug, so 
that sometimes enormous quantities are required in order to induce 
the ordinary effects, but if the habit be discontinued for some time 
the tolerance is lost, and a dose which would formerly have had little 
effect may now induce dangerous jpoisoning. The prolonged use of 
one drug , may establish tolerance for others of the same class. Thus 
chronic dninkards are not influenced by large quantities of alcohol, 
and are also more resistant to the action of chloroform than ordinary 
})ersons, this being due to the fact that chloroform and alcohol act on 
the same nerve cells in the same direction, and probably induce the 
same changes in the protoplasm. 

The Oumulative Effect of drugs is another phenomenon caused by their 
prolonged ingestion. Small doses of certain drugs taken repeatedly 
for some time eventually cause symptoms which are much more marked 
than those caused by a single small dose. In many instances this 
seems due to the accumulation of considerable quantities in the tissues. 
The absorption may be more rapid than the excretion, and each new 
dose thus adds to the total quantity in the blood and organs more than 
is lost in the same time by excretion. The classical example of cumu- 
lative action is that of digitalis, but it is much more frequently induced 
by such drugs as mercury, arsenic, or the iodides, for the so-called 
chronic poisoning induced by these is really an example of cumulative 
action. It has been suggested that cumulative action is not really due 
to the accumulation of the drug in the tissues, but to a summation of 
a prolonged series of effects of the same kind ; but although the increase 
of the drug in the organs has not been proved in all instances, it seems 
probable that this is the explanation in the great majority of cases, 
perhaps in all. Cumulative action may occur along with tolerance, as 
has been stated. Thus the tolerance of certain tissues for nicotine does 
not protect others from the effects of the abuse of tobacco. 

Synergists. — ^The presence of another drug having the same effects 
in the body often increases the action of a remedy to an unexpected 
extent. This is the ground for the prescription of several remedies 
acting in the same way.^ For example, several purgatives prescribed 
together often act more efficiently than any one given in quantity equal 
to all of them. It is^quite impossible to explain this except by 
assuming that, although all arealike in their chief features, they 
differ in the details ofj . their reactions, so that parts of the alimentary 

;( * 'The less important ones are sometimes termed adjuvants. 
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ciinal which might escape one are affected by another, and the mixture 3 
thus acts more universally than any one of the components. It must ;; 
be added that, although the greater efficiency of the mixture is attested 
by the general belief of physicians, no very satisfactory researches on 
the subject have been carried out as yet. 

On the other hand, a drug may fail to elicit any symptoms if an 
antagonistic substance be present in the body. Thus in cases where a 
powerful nervous depressant, such as chloroform, has been inhaled, 
strychnine may have little or no effect on the spinal cord in doses 
which would normally increase the reflexes to a marked extent. In the 
same way, if the terminations of the inhibitory fibres of the heart are 
paralyzed by atropine, a poison which normally slows the heart by 
stimulating these terminations will have no such effect except in very 
much larger doses. 

Similar modifications of the effects of drugs may be induced by poi- 
sons induced by pathological changes in the tissues, or by an unusual 
state of irritation or of depression of the tissues themselves. For ex- ' 
ample, in hot weather and in tropical climates, purgatives are found 
much more efficient than in colder climates, either because there is 
some poison which acts along with the purgative, or because the mucous 
membrane is more irritable than usual. That some such factor is 
present in these conditions, is shown by the frequent occurrence of 
diarrhoea without the use of drugs. 

Similarly when an antagonistic poison is formed in the tissues in the 
course of a disease, a drug, may have little or no effect; so that if the 
inhibitory cardiac terminations are paralyzed by disease, the heart 
cannot be slowed by muscarine or digitalis. 

Pathological conditions very often modify the effects of drugs to a 
very considerable extent, and in a way which cannot be explained at 
present. For example, the antipyretics reduce the temperature in 
fever, but have no effect on it in health ; the bromides lessen the con- 
vulsions in epilepsy, but have much less effect in depressing the brain 
in normal persons. The question may therefore be raised whether 
the examination of the effects of drugs in normal animals is of much 
value in indicating their therapeutic action. But in reply it may be 
said that in a large number of instances drugs are given, not in order 
to act upon the diseased tissues, but upon healthy ones. The object of 
the therapeutist is very generally not to restore the diseased tissue, : 
but to relieve it from work, and to allow it rest so as to promote its . 
, restoration by nature. For instance, in disease of the cardiac valves, 
drugs are given not with the object of restoring their integrity, but to ; 
act upon the .healthy, heart muscle, and to obviate the disturbance , 
of the circulation which is caused by the destruction of the valves. In : 
inflammation of the kidneys, the physician seldom attempts to reduce 
the inflammation by the action of drugs on the cells involved, but 
confines* his attention to removing by other channels the products of i 
tissue waste, which would normally be excreted by the kidney. ^ 
that in most instances drugs are given to act on normal tissues, or bn ^ ^ 
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tissues which are so little afiFected by disease that they react to reme- 
dies in the same way as the normal. In other cases in which the 
remedy acts on the cause of the disease or on the diseased tissue^ its 
introduction is due to clinical experience only. Thus quinine destroys 
the organism of malarial fever, but this could never have been antici- 
pated from its action on the normal tissues, ^and could only be discov- 
ered by experiments on the organism, or rather by experiments bn 
persons suffering from the disease, as the organism has been recog- 
nized only of late years. 

METHODS OF ADMINISTBATION. 

The effect of a remedy is often determined very largely by the 
method in which it is administered. As regards the local action, this 
is sufficiently obvious, for an irritant applied to the skin could scarcely 
be expected to cause the same symptoms as if it were applied to the 
stomach and intestine. But the same holds true for the general action 
in most instances, because some tissues and organs absorb much more 
rapidly than others, and a larger quantity of the drug therefore passes 
through them into the blood in a given time. Thus, if a poison which 
is absorbed slowly be rapidly excreted, so little of it may exist in the 
blood and tissues at any given time that no effects are induced, while 
if it be rapidly absorbed, the same dose can exert some action before it 
is excreted. 

Drugs are applied for their Local Action to the skin, to the mucous 
membranes of the alimentary, respiratory, and genito-urinary tracts, 
and to the conjunctiva and cornea. Not infrequently they are injected 
by means of the hypodermic needle into the subcu^neous tissues for 
their local effects, and the attempt is continually being renewed to 
treat even the deeper tissues and organs locally by the injection of 
remedies into them. The objects of local medication are very diverse, 
and can be treated of only in connection with the individual drugs. 
The methods of application are also so numerous that only a few of the 
chief can be mentioned. Drugs intended for application to the skin 
are often formed into salves or ointments (unguenta) by mixing them 
with oily or fatty substances, which adhere to the skin and do not 
dry up, and which in addition to serving as a means of applying an 
active substance, protect the surface from the air and from irritation. 
Other preparations for application to the skin, such as the plasters 
(emplastra), resemble the ointments in their general characters, but 
also give mechanical support, and bind surfaces together from their 
being spread on •paper or cloth, which thus serves as a flexible splint. 
The collodions and cerates resemble the plasters, the oleates the oint- 
ments. In addition to these special preparations, drugs may be ap- 
plied to the skin in solutions, or as powders, or solid masses may be 
used to cauterize it. * • 

The methods of applying drugs to the alimentary tract and to the 
lungs for their local action are for the most part similar to those used 
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for drugs which are intended to be absorbed. The mouth and throat 
may be washed out with solutions, which are gargled (gargarismata), 
or may be treated with powders, or lozenges (trochisci), which are 
^ slowly dissolved and thus permit of a more prolonged and constant 
action in the mouth than is possible if the drug be swallowed imme- 
diately. The nose may bp washed out with solutions of active drugs, 
or powders may be drawn into the nostrils as snufis ; the latter often 
cause sneezing, and are sometimes known as sternutatories, or errhines. 
The larynx may be treated locally by the application of powders or 
of very small quantities of fluids by means of the laryngoscopic mirror 
and probe. Solutions are generally used for application to the con- 
junctiva, but a more permanent effect can often be obtained from the 
use of ointments or powders which are less liable to be washed away 
by the tears. The urethra, vagina and uterus are treated by the in- 
jection of solutions, or by ointments and powders. Bougies, which 
are occasionally advised, are formed by incorporating an active drug in 
some substance which is solid at ordinary temperatures, but melts 
when introduced into the organ and allows the drug to come into con- 
tact with the surface. The rectum may similarly be treated by the in- 
jection of drugs in solution or suspension (enemata), or-by the use of 
suppositories. Drugs are not infrequently applied by the rectum in 
order to elicit their action after absorption, but much oftener for their 
local action on the bowel. Enemata may be either large (a pint or 
more) or small (2-5 c.c., |-1 fl. dr.). The large enemata arO used 
either to wash out the intestines, and may then contain an antiseptic 
or astringent, or to induce peristalsis and evacuation of the bowel, 
when they are made up of water with or without soap or other slightly 
irritant substances. The small enemata are used chiefly to induce 
evacuation, and contain more irritant substances, such as glycerin 
alone or along with some more active body (see uses of the vegetable 
purgatives). The suppositories are formed of cacao-butter, which is 
solid at room temperatures, but melts at the temperature of the rectum. 

All the visible mucous membranes may dso be cauterized by the 
application of a solid rod of a corrosive for a short time. 

Drugs whose General Action is to be elicited after their absorption 
are given by the mouth, except when some special character in them or in 
the disease renders some other method preferable. They may be given 
by the mouth in solution in water, alcohol, oils, or other more or less 
indifferent bodies. The disagreeable taste of many remedies, however, 

, often precludes this method, and these may be ordered in the form of 
pills, or in capsules, which are formed of gelatin or similar substances and 
are dissolved in the stomach and intestines. Very often the disagree- 
able taste may be concealed by the addition of sugar, or of some strongly 
tasting but agreeable body such as a volatile oil. Insoluble drugs may 
be given as powders, as they have little or no taste. Powders are also 
used as®a means of administering soluble drugs, if they have not a dis- 
agreeable taste and have no marked local action, but very deliquescent 
drugs should not be given in this form. Insoluble drugs are sometimes 
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. ordered in suspension in mucilaginous fluids ; and oils, which are dis- 
tasted to many people, may be given mixed with water and gums 
(emulsions). 

* The rate of absorption from the (dimenta^ camd varies greatly 
with different drugs and also with the form in which they are adminis- 
tered. The first point will be treated of in*connection with the indi- 
vidual drugs. As regards the second, it may be stated that drugs are 
more rapidly absorbed when they are swallowed in solution, and that 
when much inert and insoluble matter is associated with them, their 
absorption is much retarded. Thus, common salt passes more rapidly 
into the blood when it is dissolved before being taken than when it is 
swallowed dry, and morphine is absorbed much more quickly when it is 
administered pure than when, as in opium, it is mixed with a mass of 
gums and other bodies. This fact is taken advantage of in practice by 
giving drugs in solution when rapid absorption is desirable, and by giv- 
ing less pure forms when the local action on the stomach and bowel 
is to be elicited. The more concentrated the solution, the greater is 
the irritant action on the stomach, and thus where irritation of the 
stomach is desired, either the solid drug or a strong solution is given ; 
but as a general rule the local action on the stomach is to be avoided, and 
drugs are therefore ordered in as dilute solution as is possible without 
increasing the bulk to too great an extent. It is to be noted that 
drugs which are insoluble in the test-tube may be rendered soluble by 
the action of the gastric and intestinal juices, while many which are 
given in solution, are thrown down in the stomach in the form of 
insoluble albuminates. 

The great mass of drugs absorbed from the stomach and intestine 
is carried to the liver before reaching the general circulation, and this 
is of great importance in determining their effects in the body, as some 
of them are retained in that organ, and are either entirely destroyed or 
escape so slowly that they have no perceptible effect. 

Another important method of administering drugs for their general 
action and also for their local effects is by inhalation into the lungs. 
Only volatile drugs can be used thus for their general action. They 
are absorbed very rapidly owing to the extensive surface to which they 
are applied, and also because volatile substances penetrate the tissues 
more readily than others. The best examples of inhalation are offered 
by the general ansBsthetics, chloroform and ether. Most substances 
absorbed by the lungs lare also excreted by them, and this leads to an 
important practical point in regard to the anaesthetics. For the passage 
of gases or vapory through the lining epithelium of the alveoli depends 
in most instances^ upon their partial pressure, that is, upon their con- 
centration in the air and blood resp^tively. Accordingly, when the air 
contains more chloroform vapor than the blood, the anaesthetic passes 
into the bloody but as soon as the condition is reversed, and th^ blood 
contains more chloroform thah' the air of the alveoli, it commences to 

^ Such gases as o:^ygen and carbon monoxide, which form chemical combinations 
Mth the heemdglobjn, are of course exceptions. 
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pass backwards. The more concentrated the vapor inhaled, the more 
chloroform is contained in the cubic centimeter of blood, and the greater 
is the action on the nervous centres and the heart. 

Less volatile substances are sometimes inhaled into the lungs for 
their local action, and even non-volatile bodies suspended in a spray 
of vapor may be thrown into the respiratory passages, but it may be 
questioned whether these last really reach the alveoli except in traces. 

Drugs are also applied to the skin in order to elicit their general 
action. Volatile bodies are certainly absorbed by it, although much 
more slowly than by the lungs or by the stoniach and intestine. Solu- 
tions in water of non-volatile drugs are not absorbed from the skin, but 
solutions of certain remedies in alcohol, oils, fats, ether, and some other 
substances which are capable of dissolving or mixing with the fatty 
covering of the skin, are absorbed fairly rapidly if they are rubbed in 
thoroughly. This method of application (inunction) has been used 
chiefly for the absorption of mercury, as the local action on the stomach 
, and bowel is thus avoided. (See Mercury.) Alkaloids do not appear 
to be absorbed by the skin even when dissolved in oils or alcohol. An 
entirely obsolete method of application is the endermic, in which the 
epidermis was removed by a blister, and the remedy then' applied to 
the exposed corium. 

The hypodermie 'method is of comparatively recent origin, but is 
being more widely used every year. In it drugs are injected through 
a fine hollow needle into the subcutaneous, or, in the case of more 
irritant substances, into the muscular tissue, where they meet with 
fewer sensory nerves. Absorption occurs more rapidly than when, 
drugs are given by the mouth, the local action on the alimentary 
canal is avoided, and the physician is more certain that the whole 
of the remedy is effective, provided it is soluble and is not pre- 
cipitated at the point of injection. At the same time, the method 
has certain drawbacks, the chief of which are the pain of the injec- 
tion and the danger of injecting a powerful remedy into one of the 
subcutaneous veins. Hypodermic injections should be made only 
by the physician or trained attendant, .for incalculable injury has 
been done by entrusting patients with the syringe, particularly for the 
injection of morphine and cocaine. The needle and syringe ought to 
be disinfected, and the substance injected should be aseptic, and this 
renders the method inconvenient. As a general rule, solutions in 
water or in dilute alcohol are used for injection, but the insoluble 
^ salts of mercury have also been injected, suspended in oil (see Mer^ 
cury). Irritant drugs are to be avoided as far as possible, as they 
cause great pain, swelling and sometimes suppuration, even when the 
injection has been carried out aseptically. Hypodermic injection is used 
very largely to elicit the general action of a remedy, but also for 
the local effects, as when cocaine is injected in order to produce local 
ancestheiAa. Solutions of inert bodies have also some anaesthetic action, 
probably owing to their mechanical action on the sensory nerve fibres. 
As the absorption from the subcutaneous tissues is so much more rapid 
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than that from the stomach and intestine^ when the drug is in perfect 
solution the dose has to be reduced. As a general rule, about one- 
half of the ordinary amount is sufficient. 

Deeper injections are sometimes made for their local action on the 
organs* Thus, antiseptics have been injected into lung cavities, caustics 
have been injected into tumors, and direct applications have been made 
to the nerves in sciatica and other similar disorders. 

Intravenous injection is the most certain method of bringing drugs 
into the circulation and tissues, and is at the same time the most rapid. 
It is, therefore, very largely used in experiments on animals, but 
has generally been considered too dangerous for therapeutic purposes 
in man. Baccelli has, however, recommended it highly in recent years 
in cases of emergency, in which the immediate action of a remedy is 
required. In pernicious malaria, and in syphilis when an important 
organ is threatened, he has injected small quantities of quinine and 
mercury with great success. The dose must be very much smaller 
than that employed by the mouth, but it is impossible as yet to state 
exactly what fraction will induce the same effects. 

Drugs are occasionally applied by the rectum for their general action, 
as has been mentioned. The local effects on the stomach are avoided 
by this method, and morphine and opium are, therefore, not infrequently 
administered thus. The rate of absorption from the rectum as com- 
pared with that from the stomach and bowel is still a disputed point, 
and some physicians recommend that the dose be reduced to three- 
fourths, while others recommend one and one-half times that given by 
the mouth. 

Drugs are not administered by the other mucous memhianes for their 
general effects, but it must not be forgotten that symptoms may arise 
from their application to them for their local action. Similarly, drugs 
applied as dressings to wounds or abrasions have very often given rise to 
severe or fatal poisoning from being absorbed into the blood and tissues. 

THE CHEMICAL CHARACTERS OF DRUGS. 

An enormous number of substances induce changes in the living 
organism, and have, therefore, to be recognized in pharmacological 
treatises. Many of them are comparatively simple chemical com- 
pounds, and require no general description here, but less attention is 
paid in ordinary chemical text-books to certain groups of active poisons, 
and some note must be taken of their general properties. 

In the inorganic materia medica are found many salts, bases, and 
acids, and a few uncombined elements, such as mercury and phosphorus. 

Organic chemistry offers a large and ever-increasing number of arti- 
ficial compounds which belong to almost every one of the divisions 
recognized in chemistry. The hydrocarbons, alcohols, ethers, phenols, 
ketones, aldehydes, acl3s, and many others, contribute active* agents, 
and in fact most of them are represented by one or more members in 
therapeutics. They may all be regarded as suffi(jiently known by stu- 
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dents who are prepared to study pharmacology with profit, but some 
substances, obtained chiefly from plants, require further mention. 

The first group of these is formed by the. Alkaloids, which are 
substituted ammonias, and have a more or less strongly alkaline re- 
action, so that they are often known as the vegetable bases. They 
contain carbon, hydrogen, nitrogen, and, as a general rule, oxygen, 
although some of them, such as coniine, are devoid of it. Like am- 
monia, they combine with acids readily without eliminating hydrogen, 
and the salts thus formed resemble those of ammonia in many respects, 
among others in being thrown out of combination by the fixed alkalies. 
The term alkaloid is often restricted to compounds of pyridine and 
quinoline, but this narrow definition cannot be maintained in treating 
them from the pharmacological point of view. It is true that most 
of the vegetable alkaloids whose constitution is known are derived from 
pyridine, quinoline and isoquinoline by the addition of hydrogen, and 
generally hy the substitution of one or more of the hydrogen atoms by 
side chains of greater or less complexity. 


CH 





But others appear to be derivatives of the pyrrol and oxazine groups, 
while in others the nitrogen is attached to radicles belonging to the 
methane or open-chain series, as in CH(OH)2 — CH^ — N(CIl3).jOII, 
wliicli is generally regarded as the formula of muscarine. Another 
series of bodies, which may be regarded as alkaloids, although they 
differ from the others in many respects, are derivatives of aniline, and 
are artificial products. 
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Oxuzine. 


Those aniline derivatives bear some relation to the vegetable bases 
in their action, but are equally or more nearly related to the benzol 
series, so that they may be regarded as conncKjting links between these 
two classes of bodies. Finally the purine bodies (s<?e CaflFeine group) 
may be mentioned in this connection, although their chemical structure 
scarcely permits of their being numbered among the true alkaloids. 

Some of the vegetable alkaloids have been formed synthetically in 
the laboratory, and the constitution of some of the others is perfectly 
well known, but many of them have not yet been isolated, and there 
are probably others whose existence is not even suspected. These vege- 
table alkaloids occur in almost all parts of plants, although they are 
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found in greatest abundance in the seeds and roots. The same alka<« 
loid is often found in most of the plants of a genus, or it may occur in 
one or two species of a genus and in other plants which are in no way 
related. Very often more than one alkaloid is found in a plant, and 
these may differ entirely in their action on animals, although not in- 
frequently all the alkaloids of a plant resemble each other in their 
effects. The alkaloids are found almost exclusively in dicotyledonous 
plants, only one or two being known to exist in the monocotyledons. 
Muscarine is found in the fungi, and quite recently alkaloids have 
been isolated from the suprarenal capsule of animals and from the skin 
of the salamander. 

The alkaloids are very often only slightly soluble in water, but 
form salts which are generally more soluble. Many of the bases are 
dissolved in ether, chloroform and amyl alcohol, while the salts are in- 
soluble in these. Both bases and salts are generally fairly soluble in 
alcohol. The alkaloids are precipitated from solution by a large num- 
ber of reagents, of which the most important are the chlorides of 
platinum and of gold, tannic acid, phosphotungstic and phosphomo- 
lybdic acid, the double iodides of potassium and mercury, and of po- 
tassium and cadmium, and iodine held in solution in water by potassic 
iodide. The hydrates and carbonates of the alkalies and the alkaline 
earths precipitate the alkaloids from solutions of the salts in water, a 
point of some importance in prescribing these bodies. In cases of 
poisoning when the alkaloid has been taken by the mouth, it may be 
precipitated in the stomach by dilute alkalies or better by tannin solu- 
tions. The poison should then be removed by inducing vomiting or 
by washing out the stomach with the stomach tube. 

Another important class of vegetable poisons is formed by the Glu- 
cosides (glycosides), or saccharides, which are esters (compound ethers) 
composed of sugars and hydroxyl substances, and which liberate 
sugar when they are heated with acids, or sometimes with alkalies, or 
when certain unorganized ferments act on them. The sugar formed in 
this way is often glucose, but not invariably so ; the other decompo- 
sition products have been identified only in a few instances. Many of 
the glucosides contain only carbon, hydrogen and oxygen, a few have 
nitrogen in addition and one or two sulphur. In some instances the 
remainder, after the sugar is split off, is an alkaloid, e. g.y solanidine. 
Glucosides differ greatly in their solubility in water and alcohol ; com- 
paratively few of them are .soluble in ether. Some of the glucosides* 
are powerful poisons, others have little or no action. 

Besins, an ill-defined group, are found in many plants, and are 
characterized by their smooth, shining fracture, and by their insolubility 
in water and solubility in ether, chloroform, volatile oils, benzol and, in 
many cases, in alcohol. They seem to be formed in plants by the oxi- 
dation of volatile oils, and are often acid or anhydride in character, 
while others are apparently alcohols or esters. The resins are almost 
invariably composed of several different substances mixed together. 
M^y of the resins are local irritants, and some are poisonous in com-*. 
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paratively small quantity from the powerful action they exert on the; 
intestine. 

OJmredm are solutions of resins in ethereal oils^ which lend them a 
(diaracteristic odor and taste. 

The term ^ Balsam^ is often used as synonymous with oleoresin, 
but most writers restrict it to those oleoresins which contain ben- 
zoic and cinnamic acid along with other constituents. (See Benzoic 
Acid.) 

Gumresins are mixtures of resins and gums, generally containing some 
volatile oils. They are insoluble in water, but the resin is suspended 
in it by the gum. On the other hand, the resin is dissolved by alcohol, 
while the gum remains insoluble. 

Gums are amorphous, transparent substances, composed of carbohy- 
drates of the formula and are thus nearly related to cellu- 

lose and starch. Some of them are soluble in water, while others 
merely swell to a jelly in it ; they are insoluble in alcohol. They 
generally occur in plants in combination with calcium, magnesium or 
potassium ; they have no poisonous action, but form a protective cover- 
ing for irritated surfaces, and are largely used to suspend in water sub- 
stances which are insoluble in it, such as resins and oils. 

Volatile oils occur in plants in large numbers. (See page 61.) 

Many Acids which are of pharmacological and therapeutic interest 
are obtained from plants, but it is unnecessary to enter into a descrip- 
tion of their properties here. 

Fats and oils, sugars, starch, proteids, coloring matter, ferments and 
other bodies which occur in plants, and are contained in many of the 
preparations used in therapeutics, are not generally possessed of any 
action of iniportance. Those which are active in the body will be 
described individually. 

Finally many of the active principles of plants are entirely unknown 
or have been only partially examined. Among these are a number of 
substances which have little in common except their bitter taste and 
which are known as Bitters. 

THE PHARMACOPOEIAS AND PHARMAGOPCEIAL 
PREPARATIONS. 

Almost all governments have found it necessary to regulate the 
preparation of drugs used in therapeutics, and for this purpose issue at 
intervals codes of instructions defining tlie characters of the drugs and 
giving the exact formulaB according to which they |ire to be prepared 
for use. In the United States, where the government has not un- 
dertaken this as yet, a code has been prepared by a voluntary asso- 
ciation of physicians and pharmacists. These codes are known as 
PharmacopoBias, and some differences exist between those of different 
states, ‘although the most important drugs are found in all of them. 
All the drugs used in therapeutics are not found in the pharmacopoeias, 
for these are issued only at intervals of several years, and iu the meau^ 
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time large numbers of remedies are introduced, used for a few months, 
and pass into oblivion. Even when a drug maintains its position for 
many years, and promises to be a lasting addition to therapeutics, it 
often fails to be admitted to the official code, while others of older 
standing, which are comparatively seldom used, and which might be 
omitted without loss, are kept on the list. This conservative tendency 
of the compilers of the pharmacopeias has its disadvantages, but at any 
rate tends to withhold official sanction from the innumerable ephemeral 
products of chemical industry. The official definition of therapeutic 
substances is of advantage to both physician and pharmacist, as it 
assures the former that the drug he prescribes will have a uniform 
quality, wherever in the country it is dispensed, while the pharmacist 
is saved from the continual preparation of remedies in different forms, 
by their being prescribed in one recognized strength. 

The pharmacopoeias contain a large number of pure substances such 
as salts, acids, bases, alkaloids, and these require no further description. 
On the other hand, many of the drugs are given in an impure form, 
either because the active principle is unknown, or because its isolation 
is attended with difficulty and expense. Thus many of the vegetable 
remedies are presented in the pharmacopoeias as solutions or solids which 
contain not only the active principle but gums, sugars, coloring matter, 
and many other impurities. These are provided in different forms to 
allow of variation in their administration. In addition, the pharma- 
copoeias contain a number of official prescriptions, that is, mixtures 
of active substances in such proportions as are ordinarily prescribed. 
These are generallj^ designated by the addition of compound (corapo- 
situs) to the name of the chief ingredient. Most pharmacopoeias 
continue to use Latin in the titles of the drugs, and this is not due to 
mere pedantry or conservatism, as is often stated. For the popular 
name of a drug is often used for several different substances, as, for 
example, hellebore, while the Latin name in a prescription indicates 
that drug which is known by the term in the pharmacopoeia. In the 
same way it is found necessary to maintain Latin terms in botany and 
zoology in order to define accurately the species. 

Many crude or unprepared drugs are found in the pharmacopoeias, 
such as leaves, roots, flowers, or even whole plants. These are used 
chiefly for the preparation of other more readily applicable remedies, 
but are sometimes prescribed as powders or in pills. 

The following preparations ^ are official : 

^ a. Aqueous PreparcUiom. 

Aquse, medicated waters, generally contain only traces of some volatile 
substance, such as an ethereal oil or chloroform, in solution in water, and 
these are used in prescriptions as more agreeable to the taste and smell than 
pure water but have no further eftect. In the U. S. P. the solutions of 

^ The student is advised to onait the following list for the present, and to rdfer to it 
only as he takes up tlie prevarations of the individual drugs. Most of these prepara- 
tions are found in both piiariiiacopoeias. Those which occur only in the British areindi-* 
cated by B, P., while those which are confined to the United States are marked U. 8. P, 
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chlorine, ammonia and hydrogen peroxide are also included under aquas, but 
these are used only to elicit the specific efifects of these drugs and are power- 
ihl poisons. In the B. P. these strong solutions are included in the liquores. 

lAquorea (U. S. P.) are solutions in water of soluble substances which are 
not volatile. The official solutions of powerful poisons are often one per 
cent, in strength. 

Liquores (B. P.) are solutions in the widest sense, in water, alcohol, or 
other fluids. The dissolved substance may be volatile or non-volatile. The 
‘‘concentrated solutions^’ (B. P., Liquores ConcentrcUi) are not, as might be 
supposed, condensed by evaporation. They resemble infusions and decoc- 
tions in most respects. 

Decocta, or decoctions, are impure solutions of vegetable principles, which 
are obtained by boiling parts of plants in water. 

Infusa, or infusions, are solutions obtained by soaking parts of plants in 
water, which may be hot or cold, but is not kept boiling. Infusions and 
decoctions are weak preparations and decompose rapidly so that they are 
used only when recently prepared. 

Misturse (U. S. P.), or mixtures, are preparations in which substances in- 
soluble in water are suspended in it by means of gums or similar viscid sub- 
stances. 

Misturse (B. P.) include a number of preparations in which insoluble bodies 
are suspended in water by means of gums or syrup, but one mixture contains 
only soluble bodies. 

Emulsa (U. S. P.), emulsions, are formed by suspending oils in water by 
means of gums or other viscid bodies. The B. P. contains no official emul- 
sions, the corresponding preparations being known as misturse, 

Mucilagines, mucilages, are solutions in water of gums, starch, and sim- 
ilar bodies. 

Syrupij syrups, are strong solutions of sugar in water, which may be used 
alone, or may be impregnated with more active bodies. Similar preparations 
formed with honey instead of syrup (sometimes known as mellita) are official, 
as Mel R0S8B (U. S. P.), Mel Boracis (B. P.). A solution of honey and acetic 
acid is known as oxymel in the B. P. (Oxymel Scillm). 

Lotiones (B. P.), lotions, or washes. This term is used to designate two 
preparations of mercury, the black and yellow wash. 

b. Alcoholic Preparations. 

It is to be noted that in these preparations the menstruum (alcohol) is not 
an indifierent body as in the aqueous preparations ; the effects of ^me of 
this class are undoubtedly due rather to the alcohol than to the dissolved 
substances. 

Spiritus, spirits, are solutions of volatile bodies in alcohol, and often owe 
their chief action to the solvent and not to the drug contained in it. 

Elixiria (U. S. P.), elixirs, differ from spirits chiefly in containing sugars, 
which are added in order to give them taste. 

Tincturse, tinctures, are solutions in alcohol of medicinal substances, which 
are generally formed by .soaking parts of plants in it. They contain both volatile 
and non-volatile ingredients, but the latter are generally the more important. 

Fluidextracta (U. S. P.), Extracta Liquida (B. P.), fluid extracts, are 
prepared from plants by forming solutions in water or •more frequently in 
alcohol, and evaporating them until the solutions contain as many cubic 
centimeters as the original crude drugs weighed in grammes ; that, is the 
volume of the fluid extract corresponds to the weight of the crude drug. 

The tinctures and fluid extracts are the most commonly used liquid 
preparaliions, and most of the important drugs are prepared in one or both 
of these forms. 

Ftwa, medicated wines, are solutions of active substances in win© or in 
dilute alcohol. 
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Sued (B. P.), the juices of fresh green plants, obtained by pressure. Some 
alcohol is added to preserve them from putrefaction. 

c. Other Fluid Fr^arationa. 

Olyeevitu (TJ. S. P.) or Glycerina (B. P.) are solutions of medicinal sub- 
stances in glycerin. 

Collodia, collodions, are solutions of medicinal substances in collodion. 
(See Part VI.) 

Aceta^ or medicated vinegars, are solutions of medicinal substances in 
vinegar or acetic acid. 

Linimenta, liniments, embrocations, are preparations in which active rem- 
edies are dissolved or suspended in dilute alcohol, oils, or water. They gen- 
erally contain an oil or soap and are intended to be applied to the skin. 

d. Solid and Semi-Solid Preparationa., 

Extracia^ extracts, are formed from solutions such as tinctures, decoctions, 
or infusions by evaporation, which is continued until there remains a solid 
mass. The extracts thus contain all the substances which are taken up by 
the solvent, except those which are driven off or decomposed by the temper- 
ature at which evaporation is carried on. 

Filulse^ pills, arc globular masses of small size, such as admits of their 
being easily swallowed. They are formed from extracts, or from powders, 
by the addition of some substance to give them the necessary cohesion and 
consistency. Pills generally weigh 0. 1-0.3 G. (2-5 grs.). The U. S. P. de- 
termines the composition and size of the official pills, so that the dose can 
be modified only by ordering several pills to be taken at one time. The B. P. 
leaves the pills unformed, so that they may be prescribed of any size. The 
Pilulm of the B. P. really correspond not to the Pilulse, but to the Massse of 
the U. S. P. 

Maaax (U. S. P.), masses, are preparations made up of the proper consist- 
ency for pills. They are invariably prescribed in the form of pills. 

Gonfectionea, confections or electuaries, are soft, solid preparations consist- 
ing of sugar or honey impregnated with some more active body. 

Suppoaitoria, or suppositories, are intended for insertion into the rectum, 
urethra, or vagina, and are, except in one or two cases, formed by mixing 
the active ingredient with cacao-butter. (See Part VI. ) Suppositories for 
the rectum are conical in shape and weigh about a gramme (15 grs.).' Those 
for the urethra are of the same weight, but are pencil-shaped, while the 
vaginal suppositories are globular, and weigh about 3 grammes (45 grs.). 

I^lverea, powders, are simply dry substances in a state of fine division. 
Most of the ofiicial powders are mixtures of several active bodies. 

Triturationea (U. S. P.), triturations, are formed from powders by diluting 
them with nine parts of sugar of milk. 

Trochiaci, troches, or lozenges, are solid masses, generally of a fiattened 
shape, and consist of powders or other bodies, incorporated in sugar and gum. 
A very friable form of lozenge known as Tabellae, or' tablet triturates (not 
official), is formed by pressing in moulds a mixture of powdered sugar and 
drugs, slightly moistened with alcohol. 

Lamellse (B. P.), or discs, are small discs formed of gelatin with some gly- 
cerin, each weighing gr* They are impregnated with an active drug, 
and are applied to the conjunctiva in order to elicit the local effects. 

Unguentaf ointments, salves, are soft, oily substances which are applied to 
the skin by rubbing. (See page 49.) 

0/eato, solutions in oleic acid resembling the ointments in appearsChce and 
uses. 

(MrcUa (U. S. P.), cerates, resemble ointments, but are rendered harder by 
tfee addition of wax. (See page 51.) 
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Emplaatraj plasters, are adhesive bodies of a still harder consistency than 
cerates/ and soften only 'when heated. (See Part YI.) 

Chartse, papers, are preparations of active substances which are spread in a 
thin layer upon paper, or are incorporated in it by dipping sheets of pap sr 
into a solution.' 

Unofficial Preparations. 

Cachet8j are thin discs of dough of the shape of a soup-plate and varying 
from I in. to 1} in, in diameter. When two of them are placed together 
with their concave sides toward each other, they form a receptacle in which 
powders are dispensed. The edges stick together when they are moistened. 
A somewhat similar method of dispensing is in gelatin capsules, which may 
be hard or soft, and which are made in diS'erent sizes. The hard capsule is 
used for solids, the soft for liquids. Sometimes the latter contain as much 
as 15 c.c. (} fl. oz.), but these are difficult to swallow. 

Cataplasmata, or poultices, are not official preparations now, but are in 
common use. l?hey are generally made of linseed meal, oatmeal, or bread 
crumb, which is formed into a paste with hot water, enclosed in thin cotton 
or linen and applied to the skin. Mustard and other remedies may be added 
to the poultice in order to induce special effects, and in some cases a poultice 
consists merely of drugs enclosed in a cloth sack, as in charcoal or spice 
poultices. 

Enemata, clysmata, or clysters, are liquid substances injected into the rec- 
tum for their local or general effects. (See page 31.) . 


GLASSIFICATION OF DRUGS. 

Writers on pharmacology and therapeutics arrange drugs on many differ- 
ent principles. Thus a somewhat antiquated system classifies the vegetable 
remedies according to the botanical families from which they are obtained, 
but there is little advantage in this arrangement, for an order may include 
drugs which differ entirely in their action and in the therapeutic uses to 
which they are put, while, oh the other hand, two widely separated botanical 
groups may contain identical poisons. Another classification of drugs is 
according to their therapeutic effects, and this might seem at first sight the 
most convenient for students of medicine. This plan has its drawbacks, 
however, for many drugs are used for a large num W of different purposes, 
and it is impossible to describe them under each heading. In addition, the 
classification in groups is always liable to suggest a much closer resemblance 
in the effects of the individual drugs than really exists. Thus the drugs 
often classed as ‘‘cardiac stimulants^’ differ much, not only in their effects 
on the body in general, but in their action on the heart, and opinions may 
differ as to whether some of them stimulate or depress the heart. They 
certainly cannot be substituted for each other in the' treatment of heart dis- 
ease, as is suggested by their being classified together under this heading: 
Finally, practical therapeutics can be taught only in the clinic, and in the 
teaching of pharmacology it seems advisable to direct the student’s attention 
gather to the action of drugs than to the practical uses, which can be taught 
to much greater advantage in connection with the symptoms, prognosis, and 
other clinical features of disease. The classification of drugs and poisons 
according to their action on* living matter is the natural one, and is based 
on the same logical principle as the modern classification of plants in bot- 
any and of animals in zoology. The objec^t is to group together those sub- 
stances which have most points of resemblance, whether they are obtained 
from the Same or from different orders of plants, and whatever relation 
they may bear to each other in therapeutics. This classification, which 
was introduced by Buchheim, has been further developed by Sehmiedeberg 
and his pupils. In the present state of knowledge it is necessarily impel*- 
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feet, and many resemblances and affinities have not gained that recog- 
nition which they will doubtless receive in the future. Even in its pres- 
ent imperfect form, however, this classification is the most satisfactory 
one available, and, unlike the othei’s, it can be easily subjected to such modi- 
fications as the advance of science renders necessary. If ever the id^l 
classification be attained, in which the grouping is based upon the chemical 
reactions of the poisons with the living protoplasm, this natural classification 
will be found to conform more easily to it than any based upon origin or 
temporary therapeutic uses. 

Resemblance in pharmacological action does not necessarily involve simi- 
larity in chemical composition, as has been already pointed out. But it is 
found that in many instances the members of a pharmacological group have 
some general chemical character which distinguishes them from others. 
Drugs which resemble each other in their pharmacological action, are often 
used for very different purposes in therapeutics, although this is much less 
frequently the case now than formerly. This is very generally due to the 
failure of the clinicians to observe the resemblance in the action of drugs. 
As they become more familiar with the results of animal experiment, they 
will recognize that in many instances drugs which they now regard as dis- 
tinct on account of superficial differences, really resemble each other in all 
important points, and may be substituted for each other in therapeutics. In 
this way it is to be hoped that the natural classification of drugs will gradu- 
ally be found to approach more closely to the therapeutic. At the present 
time the continued use of the therapeutic classification can only tend to delay 
this consummation. 


In this volume, the classification adopted is that of Buchheim and 
Schmiedeberg, with some slight alterations which seemed to be de- 
manded by recent progress. The drugs are thrown into a large num- 
ber of groups which are named from the most prominent member, or 
from some marked property possessed by all. These groups are ar- 
ranged, as far as possible, according to their mutual resemblances. It 
has been found advisable to retain, for the most part, the divisions into 
organic and inorganic drugs, although this may, perhaps, have to be 
abandoned in the future. The first series of groups of the organic 
materia medica are possessed of the common property of inducing 
more marked local than general eficcts, and these may therefore be 
classified in one large subdivision. The second division of the organic 
drugs is formed of those whose pronounced general action obscures 
their local effects, when these are not entirely absent. The first few 
groups of this division are formed of those whose chief action is de- 
veloped on the central nervous system ; then follow those which in- 
volve more especially the peripheral nerves, muscles, and secretory or- 
gans ; these, again, pass into a series in which local irritant action i§ 
associated with powerful general efiects, and through these into a se- 
ries of protopfasm poisons. The last series of organic groups consists 
of those acting chiefly on the heart and vessels directly. The groups 
of the inorganic drugs show less defined affinities, and are much more 
difficult to classify than the organic series. The salts of the alkalies 
and alkaline earths, tlie acids and alkalies may be thrown into ft large and 
somewhat heterogeneous division, which is easily marked off from that 
of the heavy metals, which h^^ve many points in common in their ef- 
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fects in the organism^ as in their chemical reactions. The latter divi- 
sion is led up to by phosphorus and arsenic, and several bodies which 
it is impossible to classify at present are placed between these and the 
first inorganic division. Another class is formed of a number of sub- 
stances which are either present in the normal body, or are merely sub- 
stitutes for normal secretions, and the final class is composed of a few 
preparations which are used only for their mechanical effects, and 
which for the most part are not drugs, although they are included in 
the pharmacopoeias. 

It must be emphasized that no attempt is made to draw hard and 
fast lines of demarcation between the different groups. The essential 
features of the natural system involve the recognition that this is im- 
possible. It has therefore been considered best not to indicate any 
definite point at which the discussion of poisons acting on the central 
nervous system ends and that of the drugs with peripheral effects be- 
gins. The student is always liable to lay more importance on such 
divisions than is intended by the writer, to list those on one side of 
the dividing line as central, those on the other as peripheral in action, 
whereas the transition is gradual. The six chief divisions are therefore 
the only ones indicated. 




PART I 


ORGANIC SUBSTANCES WHICH ARE CHAR- 
ACTERIZED CHIEFLY BY THEIR 
LOCAL ACTION. 

This class contains a very considerable part of the drugs included 
in the pharmacopoeias, although it bears a smaller proportion than for- 
merly to the other classes. There is still, however, in it a large 
number of drugs which have practically identical effects, and there is 
no question that it might be considerably curtailed without loss to 
therapeutic practice. Many of its members are irritants, and these 
have been subdivided for convenience into groups according to the 
organs on which they exert their chief action and the purposes for 
wh^ich they are used in therapeutics, as gastric, intestinal, cutaneous 
irritants. Others act as protectives, covering injured surfaces (demul- 
cents, emollients), and still others precipitate the proteids on the sur- 
faces to which they are applied (astringents). Others seem to act 
chiefly by affecting the taste, and finally a heterogeneous group which 
is used in the treatment of intestinal parasites, has been inserted here. 

I. DEMULCENTS. 

A large number of colloid substances — chiefly gums, dextrins, sugars 
and starches — owe their use in medicine, not to any changes they pro- 
duce in the cells with which they come in contact, but to the fact that 
they are cohesive and serve to protect surfaces mechanically. When 
they are applied to a sensitive surface, they retard the movement of 
fluid or air against it and thus preserve it from the effects of these 
i^ents. This may be illustrated by familiar examples in which the 
taste of food is altered by their presence, although they have often no 
taste or odor in themselves. Sugar dissolved in mucilage tastes less 
sweet than in water, and acids are also less appreciated, as may be ob- 
served in many fruits. For example, the raspberry contains more acid 
and less sugar than the currant, but in the former the acid taste is con- 
cealed by the presence of large quantities of colloids, so«that the rasp- 
berry is regarded as a sweet fruit, the currant as an acid one. Even 
cold is felt less when a colloid substance is present in the fluid swal- 
lowed ; thus, ice-cream or iced milk does not feel so cold on the tongue 
and thrpat^as frozen water, because the colloid proteid substances form 
a protecting layer over the surface, and prevent the cold mass from 
reaching the sensory terminations so freely as it otherwise would. A 
■ . • , . 45 -'’ - ^ ■ 
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number of experiments carried out by Tappeiner^ show that other 
organs may be protected in the same way by colloid solutions. Strong 
salt solution applied to a motor nerve first stimulates and then slowly 
paralyzes it, but Tappeiner found that both of these effects are much 
less marked if the solution be made up with mucilage instead of with 
water, because the salt does not reach the nerve so readily. In the 
same way, intense pain is caused in a wound by strong salt solution, 
but is much less severe if the solution contain colloid material. 

When demulcents reach the stomach, they appear to coat the wall 
and thus to alter the sensation arising from food, for Quincke found in 
a case of gastric fistula that the patient could distinguish milk from 
water even when it was passed directly into the stomach, and Pawlow 
states that the presence of starch in the stomach alters the secretion 
induced by food. Tappeiner found that much less inflammation of the 
intestine is caused by irritants if they are suspended in demulcents than 
if they are dissolved in water ; at the same time the presence of colloid 
unabsorbable bodies may increase the efficiency of purgatives by pre- 
venting their absorption in the upper part of the bowel. The digestion 
of proteids outside the body is retarded by the presence of the demul- 
cents, and probably this is also true of the process in the stomach. 
Colloid bodies also retard the absorption of fluids from the stomach and 
bowel, and this leads to a feeling of distention, which is much less 
marked if the same amount of fluid be swallowed without colloid ; for 
instance, water is absorbed more rapidly than milk or beer. 

The slow absorption of colloid fluids allows time for decomposition, 
and this may give rise to irritation and catarrh. The colloids them- 
selves are absorbed very slowly, and probably only in a condition of 
semi-decomposition. After absorption, they are oxidized in the tissues 
and therefore act as foods to some extent, although their slow absorp- 
tion prevents their being of much value. They have, of course, no 
effect as demulcents after absorption, but the large quantity of fluid 
with which they are generally taken may be of benefit in some condi- 
tions. 

Demulcents are used to cover inflamed surfaces ; in tonsillitis, for 
example, they may be applied as gargles, or better by sucking lozenges 
containing them. They are not often applied externally for this pur- 
pose, as they are liable to serve as media for the growth of micro- 
organisms. In gastric and intestinal catarrh their use is objectionable 
for the same reason, their slow absorption leading to decomposition 
with the formation of irritants, which may do more harm than is coun- 
terbalanced by their protective action. Instead of demulcents, some 
of the oils, such as olive oil (p. 51), have been recommended as pro- 
tectives in disease of the stomach and intestine. 

In acute irritant poisoning the demulcents are often of great value, as 
they protect the stomach wall from the effects of the poison. The best 
remedy in these cases, because the most readily obtainable,* is milk or 
white of eggs. 

^ Tappeiner^ Archives iiitemat. d. Pliarmacodyn., x., p. 67. 
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Their eflPects in retarding the absorption of other remedlcvS may be 
taken advantage of. Thus when the effect of alcohol on the stomach 
or bowel is desired, it is given as wine, which contains colloid material, 
and is therefore, absorbed slowly ; it must be noted, however, that 
these same colloids delay digestion much more than alcohol itself. In 
the same way opium and extract of nux vomica are prescribed when 
the local action on the bowel and stomach is desired, while the pure 
alkaloids, morphine and strychnine, are administered for their effects 
after absorption. 

Demulcents are often given instead of pure water in cases where it 
is desired to administer large quantities of fluid, as they have more 
/^body” and are more agreeable to the taste. Thus, barley water or 
some other demulcent may be advised in order to assuage the thirst 
of fever, or to dilute the urine when it is too concentrated or too 
acid. 

Demulcents are often used as the basis of enemata which are intended 
to be absorbed, because solutions containing colloids are less irritant 
and therefore less liable to set up peristalsis than pure water. For 
this purpose starch solution is generally used. 

Some of the gums, notably acacia and tragacanth, are seldom advised 
as demulcents, but are often prescribed in order to hold in suspension 
in water such insoluble bodies as resins and oils, or to give cohesion to 
pills and lozenges. 

Prkparations. 

Acacia (U. 8 . P.) Acacias Gummi (B. P.) (gum arabic), a gummy exuda- 
tion obtained from Acacia Senegal, consists of the potassium, magnesium, 
and calcium salts of a weakly acid substance, arabin or arabinic acid 
(CgH^oOg). It is soluble in equal parts of water, and is used as a demulcent, 
but more largely as a vehicle for other drugs. 

Mucilago AcAciiE (U. 8. P., B. P.).— About 1 part acacia in 2 of water. 
Dose, 16 c.c. (4fl. drs.). 

Syrupus Aeacm (U. 8. P.). 

Tragacantha (U. 8 . P., B, P.), a gummy exudation from various species 
of Astragalus, contains salts of arabin and tragjicanthin. Tragacanthin differs 
from arabin in not dissolving, but merely swelling up into a jelly in water, 
Tragacanth is used chiefly to suspend heavy powders in water. 

Mucilago Tkagacanthas (U. 8. P., B. P.), formed of tragacanth, 
glycerin and water. In the B. P. alcohol is used instead of glycerin. Dose, 
16 c.c. (4 fl. drs.). 

Glycerinum Tragacanthse (B. P.), a solution of tragacanth ih'glycerin and 
water. 

Fulvis Tragacanthae Compoaitvs (B. P.), contains tragacanth, gum acacia, 
^arch and sugar. Dose, 20-60 grs. 

Sassafras Medulla (U. 8. F.), the pith of Sassafras variifoUum (sassafras). 

Ulmus (U. 8. P.), the inner bark of Ulraus fulva (slippery elm). 

Althaea (U. 8. P.), the root of Althaea officinalis (marsh-mallow). 

Linum (U. 8. P., B. P.), the seed of Linum usitatissimum (linseed). 

Mnum Contuaum (B. P.), crushed linseed. 

Mueilago Basaafras Medvllm (U. 8. P.). Dose, 16 c.c. (4 fl. drs.). 

Mucilago Ulmi (U. 8. P.). Dose, 16 c.c. (4 fl. drs.). 

These all contain colloid substances which are extracted with hot water, and 
which are believed to be nearly related to arabin. They are largely used in 
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domestic inedidhe as demulcents in sore throat, and may be prescribed to sus- 
pend powders or oils. The syrup of marsh-mallow is a pleasant flavor. 

Triticum (U. S. P.), the rhizome of Agropyrum repens, or couch-grass, 
contains mannite, Isevulose, and a starchy substance, triticin. Its decoction 
is used as a beverage in fever, and to dilute the urine. It has a certain 
popular reputation as a diuretic in suppression of the urine, calculus, etc., 
but this is entirely unmerited, for it increases the urine simply by the water 
given with it. ' ■ 

Amylum (U. S. P., B. P.), or starch, may be formed into a jelly by boiling 
in water, and may then be used for the same purpose as the demulcents. 

Glyceritum Amyli (U. S. P.), Qlycerinum Amyli (B. P.), is a jelly formed 
by heating starch with water and glycerin. 

Amygdala Dulcis (U. S. P., B. P.), or sweet almonds, the seed of Prunus 
amygdala dulcis, contains a flxed oil and emulsin, a ferment, but, unlike the 
bitter almond, no amygdalin. When triturated with water it forms an 
emulsion, or mixture, which is bland and demulcent. 

EmuUum Amygdala (U. S. P.), Mistura Amygdala (B. P.). Dose, 120 c.c. 
.(4 fl. oz.). 

Pulvia Amygdala Compoaitm (B. P.) contains sugar and acacia with almond. 

Syrupua Amygdala (U. S. P.) is formed from a mixture of sweet and bitter 
almonds, and therefore contains a small proportion of prussic acid, but may 
be used in the same way as the demulcents with perfect safety. 

Glycyrrhiza (U. S. P.), Glycyrrhizcs Radix (B. P.), or liquorice-root, 
the root of Glycyrrhiza glabra (var. glandulifera), is used as a demulcent, 
and more largely to flavor medicines. It has a pleasant, sweet taste, owing 
to the presence of Glycyrrhizin^ an acid glucoside, which is combined with 
calcium and ammonia in the plant, and is not soluble in cold water, but swells 
up in it to a jelly-like mass. Glycyrrhizin is probably decomposed in the 
body ; the urine is often found to contain a reducing body after the admin- 
istration of liquorice. 

Exteactum Glycyrrhizje (U. S. P., B. P.). Dose, 1 G. (ISgrs.). 

ExtrOiCtum Glycyrrhiza Purwm (U. S. P.). Dose, 1 G. (15 grs.). 

Fluidextraxitum Glycyrrhiza (U. S. P.), Extraxtum Glycyrrhiza Liquidum 
(B. P.). Dose, 2 c.c. (30 mins.). 

Glycyrrhissinum Ammoniatum (TJ. S. P.), the ammonium salt of glycyrrhizin, 

PuLVis Glycyrrhizje Compositub (U. S. P., B. P.) contains senna. 
Dose, 2-8 G. (30-120 grs,). 

TROCHISCI GLYCYRRHIZiE ET OpII (U. S. P.). 

Mibtura Glycyrrhiz,® Composita (U. S. P.), Brown Mixture, con- 
tains opium, antimony and spirits of nitrous ether. Dose, 15-30 c.c. (1-2 
tablespoonfuls). 

The extract is largely used in the form of lozenges for its demulcent ac- 
tion, and is very frequently used to make up pills. It is slightly laxative, 
and may be used as a pleasant aperient for children ; the compound powder 
is more reliable for this purpose owing to its containing senna, one of the 
vegetable purgatives. 

The lozenges and .the brown mixture contain opium and are used largely 
in cough and in catarrh of the air passages. 

Numbers of other substances are used as demulcents in domestic medi« 
cine, and are found in different pharmacopoeias. Examples of these are 
barley (Hordeuifl), salep, verbascum and quince seeds. Iceland moss is a 
lichen (Cetraria islandica), and contains starch bodies together with acids, which 
can be removed by soaking in dilute {ilkaline solutions for some time. 

. Chondrus (U. S. P.) (Irish moss or Carragheen), Chondrus crispus, a seaweed 
gathered on the coasts of Ireland and Massachusetts. Chondrus contains a 
carbohydrate, carragccnin. The decoction forms a jelly when cold, and was 
formerly supposed to form a valuable food in illness, but it is of little value for 
this purpose, for only about of the jelly is solid matter, the rest water. 
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n. EMOLLIENTS. 

Emollients are bland, oily, substances which are applied to the 
skin to protect it from irritation, and to render it softer and more 
elastic, and thus bear the same relation to the skin as the demulcents 
to the mucous membranes. Their effect in rendering the skin softer 
and more pliable may be due in part to their penetration into the 
surface layers, but may also be explained by the slight congestion 
induced by the rubbing and massage used in their application. 

The older emollients were chiefly animal and vegetable fats and 
oils, but several newer drugs of this class are derived from petroleum. 
The effects of these drugs when applied to the skin are purely local. 
No doubt some small percentage is absorbed into the tissues, but this 
has no known effect in man, and although the fats and oils are valu- 
able foods when taken internally, this plays no part in their effects 
when applied to the skin. 

The emollient preparations promote the absorption of drugs dis- 
solved in them, because they mix readily with the thin layer of oily 
sebaceous matter which covers the epithelium. The active substances 
dissolved in them therefore come into intimate contact with the absorb- 
ing cells lining the ducts of the glands, while watery solutions are 
separated from the lining cells by a layer of sebum. If this layer be 
dissolved off by alcohol, watery solutions are also absorbed rapidly, 
and alcoholic solutions are absorbed as quickly as oily solutions, be- 
cause the alcohol is miscible with the sebum. On the other hand 
solutions in water come into more intimate contact with the cells of the 
mucous membranes and with the subcutaneous tissues, and are there- 
fore more readily absorbed by these than oily solutions. To ensure 
rapid absorption, a drug should be dissolved in some emollient if it is 
to be absorbed by the skin, in water when it is to be administered 
internally or hypodermically. Solutions in oil of such antiseptics as 
carbolic acid are much less powerful than those in water, because car- 
bolic acid being more soluble in oil fails to diffuse into the watery proto- 
plasm of the microbe, for which it has less affinity. (See Antiseptics 
of the Benzol Series.) But antiseptics which are more soluble in water 
than in oils are said to be equally active in both solvents. 

The emollients are applied as protectives in abrasions, cuts, bruises, 
chapped hands, burns ; they are less often used alone in extensive skin 
diseases, but are usually prescribed in these as the basis of ointments 
* in which other remedies are incorporated. There is no question that 
the protection afforded to the part and the exclusion of the air by 
the oily emollient plays an important part in the action of these reme- 
dies, and it seems probable that in many cases equally good results 
would follow the application of the emollient without any active 
ingredient. 


4 
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Preparations. 

Adeps (U. S. P., B. P.), lard ; the prepared internal fat of the abdomen 
of the pig, purified by washing in water, melting and straining. 

Adeps Benzoinatua (U. S. P.), Ad^s Benzoatua (B. P.), benzoinated lard, is 
prepared from lard by the addition of benzoin, which is slightly antiseptic 
and preserves it from becoming rancid. 

Unguentum (U. S. P.), ointment, is a mixture of lard and yellow wax. 
It was formerly known as Unguentum Simplex, and is the basis of many 
other ointments. 

Unguentum Diachylon (U. S. P.) is formed from lead plaster and olive oil, 
perfumed with oil of lavender. The lead is inert, the action being identical, 
with that of ordinary ointment. . . 

Unguentum Aqu^b Ros^ (U. S. P., B. P.), cold cream, is formed of sper- 
maceti, white wax, oil of almonds, and some borax, scented with rose water. 

Sevum Praeparatum (U. S. P., B. P.), mutton suet, is obtained from the 
abdominal fat of the sheep. 

Lard and suet have the ordinary constituents of animal fats, stearin, pal- 
mitin and olein. They are seldom used alone, but form the basis of numer- 
ous ointments. These animal fats tend to putrefy, and are then rendered 
irritant by the presence of free acids (rancidity), and have therefore been 
replaced to a considerable extent of late years by other preparations which 
do not suffer from this drawback. 

Adeps Lanss Hydrosus (U. S. P., B. P.), hydrous wool-fat, lanolin, the 
purified fat of sheep-wool, mixed with not more than 30 per cent, of water. 
Adej}8 Lame (U. S. P., B. P.), wool-liit without water. 

Lanolin has been used extensively in medicine only in the last few years. 
It consists of cholesterin esters with some impurities, does not become ran- 
cid, and differs from the older fats also in being miscible in twice its weight 
of water without losing its ointment consistency. Lanolin is very often used 
as an emollient application, as well as to form a basis for more active drugs. 
Other preparations of wool-fats are known as lauichol and alapurin. 
Petrolates or Paraffins. When the more volatile constituents of petroleum 
are distilled off, there remain a number of higher hydrocarbons, chiefly of 
the marsh gas series, which are used in medicine as emollients. The lower 
of these hydrocarbons are fluid at ordinary temperatures and are known as 
Petrolatum Liquidum (U. S. P.), Paraffinum Liquidum (B. P.), a colorless^ 
oily ti'ansparent liquid without odor or taste. When these are removed 
there remains 

Petrolatum (U. S. P.) and Petrolatum album (U. S. P.), Paraffinum 
MOLLB (B. P. ), soft petrolate, vaselin, which has the consistency of an oint- 
ment, is yellow or white in color, and is liquefied a few degrees above the terar 
perature of the blood. When the distillation is carried further, the residue is 
solid at ordinary temperatures, and is known as 

Paraffinum (U. S. P.), Paraffinum Dtirum (B. P.), or hard paraffin, which 
melts at a somewhat higher temperature than vaselin. 

Unguentum Paraffini (B. P.) is a mixture of three parts of hard paraffin .. 
with seven parts of vaselin. 

By mixing the petrolates a salve of any desired consistency may be ob- 
tained. Soft petrolate is often known as petrolatum, as it is much more" 
extensively used4han the others. It is used as an emollient, and as a basis 
for ointments and has the advantage over the older lard and suet that it 
does not become rancid. Liquid vaselin has been used to dissolve irritant 
substances for subcutaneous injection, as much less pain is caused when'^they 
are dissolved in vaselin than when water is used. Sobieranski ^ has shown 
that vaselin rubbed into the skin is absorbed to some extent, ai^d may be 
recovered from the muscles and to a less extent from other organs. Rabbits 

* Arch. f. exp. Path. u. Pliarm., xxxi., p. 329. 
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; lost flesh and some of them died under the continued application of vaselin, 
but this may have been due to the manipulation and not to the drug itself. 
Several Oils are also used as emollients. 

Oleum Olivse (U. S. P., B. P.), olive oil, a fixed oil obtained from the ripe 
fruit of the olive, Olea europaea. 

Oleum Lmi (U. S. P., B. P.), Linseed or Flaxseed oil. 

Oleum Amygdalse Expreasum (U. S. P.), Oleum Amygdalae (B. P.), a fixed 
oil expressed from bitter or sweet almonds. It is to be distinguished from 
the volatile oil obtained from the bitter almonds. The fixed oil contains no 
prus&icacid, 

:Qlmm Moaaypii Seminia (U. S. P.), Cotton-seed oil. 

(U. S. P.), oil of lai’d. 

;^i;;;;?$hese all resemble each other in their composition, and may be used as 
;^^611iehts. Olive oil is generally preferred to the others, but is much more 
Iliipensive, and it is probable that much of the so-called olive oil is really 
"purified cotton-seed oil. Olive oil has been advised as a cholagogue, but has 
been shown by more exact methods of research to have no eSect whatever 
on the secretion of the bile. It sometimes gives relief in biliary colic and dys- 
entery and in some gastric disorders accompanied by pyloric spasm, i)robably 
from its acting as a protective to the mucous membrane of the stomach and duo- 
denum. A wineglassfiil is given two or three times a day before meals ; in these 
large doses it possesses a high food- value. ^ 

Cera Flava (U. S. P., B. P.), yellow wax. 

Cera Alba (U. S. P., B. P.), white wax prepared from the yellow by 
bleaching. 

Cetaceum (U. S. P., B. P.), spermaceti, obtained from the cachelot (Phys- 
eter raacrocephalus), one of the whales. 

These three preparations are not used alone, but .are often added to the 
emollients and ointments in order to give them a firmer consistency, which 
is especially desirable in hot climates and in summer. 

Ceratum (U. S. P.) a mixture of 3 parts of wax with 7 of lard. 

Unguentum Cetacci (B. P.) is a mixture of white wax and spermaceti and olive 
' or almond oil, 

Glycerinum (U. S.‘ P., B. P.), Glycerin, a liquid obtained by the decom- 
position of animal or vegetable fats or fixed oils, and containing not less than 
95 per cent, of absolute glycerin, 03115(011)3; clear, colorless, of a syrupy 

• consistence, oily to the touch, with a sweet taste and no odor, soluble in 
; ’ water and alcohol. 

^ Glycentum Amyli (U. S. P.), Glycerinum Amyli (B. P.), glycerite of starch. 

Glyceritum Vitelli{V. S. P.), glyconin, glycerite of yolk of eggs, may be 
used as a protective, but is more largely prescribed to form emulsions. 

> Glycerin is used as a solvent for a number of other drugs, the prepara- 
tions being known as glycerites (IT. S. P.), glycerines (B. P.), 

; Grlycerin is somewhat irritant to the unbroken skin, when it is ap- 
plied in the pure form, and even diluted glycerin causes pain and 
when it is applied to unprotected surfaces such as cuts or 
IJburns, but the pain soon disappears, and glycerin then acts as a pro- 

• tective. The irritation is due to the glycerin abstracting the fluids of 
the tissues owing to its avidity for water. Glycerin jnd its prepara-* 
tions are used very extensively as applications to slight wounds, in ir^ 
ritation of the skin and lips from exposure to cold, and in similar con- 
ditions. They are often applied to hard, dry crusts on the skin in 
order to soften them and permit of their removal. 

^ Cohnheim, Zlschr. f. kliii. Me.d, lii., p. 110. 
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The ™ glycerin causes peristalsis and evacuation of 

the bowels when small quantities are injected into the rectum ; the 
stool is of almost ordinary consistency, and no pain or colic is felt 
; subsequently, nor does the remedy cause more than one evacuation. 
Glycerin may be injected into the rectum for this purpose (dose 2-6 c.c., 
J-1 teaspoonful), but a more convenient form is the glycejin supposi- 
tories, Suppositoria Glycerini, which are made up with stearic acid 
and sodium carbonate, U. S. P., with gelatin, B. P. These suppositories^ 
are found not to keep well, as the glycerin tends to attract moisture 
and then escapes ; to avoid this they are often encased in parafiin, which 
is broken off immediately before they are inserted. Glycerin sup- 
positories are used in constipation instead of the ordinary aperients, 
and they have also been advised in parturition to increase the pains. 
Large doses of glycerin taken internally sometimes cause purgation, 
but it is not a reliable remedy when administered in this way. 

Glycerin in large quantities is poisonous whether it is taken by the mouth 
or injected hypodermically or intravenously. It is true that no case of 
glycerin poisoning in man is known, but large doses are fatal to animals in 
the course of a few hours. The chief symptoms are restlessne^ agitation; 
acceleration of the heart and respiration, general weakness, ffemor and 
convulsions, which filially end in somnolence, coma, and death from failure 
of the respiration. The convulsions are marked only after large doses, 
when they may assume a tetanic character. A rise in the temperature has 
been noted by several observers, followed by a fall which continues until 
death. --When glycerin is injected subcutaneously in large quantities, 
haemoglobin appears in the urine, while this is rarer when it is given by the 
mouth, and scarcely ever occurs after intravenous injection. This is ob- 
viously due to the destruction of the red blood cells, but glycerin added to 
the drawn blood does not act so strongly on it as many other bodies which 
cause no haemoglobinuria. Filehne explains the appearance of haemoglobin 
in the urine after the subcutaneous injection of glycerin by supposing that 
the glycerin remains outside the vessels for some time, and withdraws the 
fluid from the red cells as they pass through the poisoned zone. As the cells 
return into the larger vessels, they take up fluid again and give oflT 
hjemoglobin. On the other hand, when glycerin is injected into the blood, 
it diffuses rapidly all over the body, and the blood cells are less acted on by 
the diluted poison and do not alternately shrink and swell in size. In addition 
to its action on the blood cells, glycerin apparently acts directly on the central 
nervous system, as is shown by die violent convulsions. Glomerulonephritis has 
also been observed in animals. Glycerin is absorbed rapidly from the intestine, 
and undergoes combustion in the tissues, only a very small fraction of it reap- 
pearing in the urine. Some authors describe a reducing substance in the urine 
after the ingestion of glycerin, but this has not been confirmed on more careful 
investigation. 

It follows from the fact that glycerin is oxidized in the tissues that it must < 
supply the body yith energy and act in some sense as a food. This is of 
interest chiefly because, the ordinary fats being compounds of glycerin, a 
certain amount must be contained in the food, but it is also of some thera- 
peutic importance, because glycerin has been advised as a food in inanition, 
and has even been said to rival cod-liver oil. In respect to its value as a 
food, glycerin leserables ordinary alcohol, being readily absorbed; and un- 
doubtedly increasing the total energy of the body. But it is still undecided 
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how far it leads to an economy of the nitrogenous tissues, as the fats and 
carbohydrates do^ Its combusuon saves a certain amount of the feit of the 
body from being destroyed, but glycerin tends to increase the non-nitrogen-* 
ous, and not the nitrogenous reserve of the body, and is therefore of only 
secondary importance as a food, although, like alcohol, it may be of value 
under certaip conditions. 

Glycerin has been said to have some effect on the sugar formation in the 
tissues. In some forms of experimental glycosuria, apparently less sugar is 
Ibund in the urine if glycerin be administered, and in a certain number of 
cases of diabetes in the human subject, some improvement is said to have 
occurred under glycerin treatment. No satisfactory explanation of this 
point has been offered. Quite apart from its supposed action on diabetes, 
glycerin has been used as a substitute for sugar in this disease, but its place 
has been taken of late years by saccharin. 

Glycerin has been shown to possess some virtue as an antiseptic, probably 
from its withdrawing water from the miwobes, but like the oils (page 48 ) it 
is a less suitable solvent for many antiseptics than water. 
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Along with the emollients, or oily protectives, may be mentioned 
another class of mechanical agents, the Dusting ]?owders. Any* dry, 
insoluble, fine powder applied to irritated surfaces of the skin, or 
slight abrasions, will protect these from the air, and from contact with 
the clothes and other sources of pressure. These powders, at the same 
time, soak up any secretions, and render the injured spot less liable to 
bacterial infection, as they form a more or less impermeable crust. 
Powders used for this purpose should not be absorbed, or, if absorb- 
able, should not induce any toxic effects. Those most commonly em- 
ployed are the phosphate and carbonate of lime, talc Talxmm 

PuHfimtmn, U. S. P.), (magnesium silicate), fullers^ earth and kaolin 
(aluminum silicates), starch, and Lycopodium (U. S. P.), which con- 
sists of the spores of Lycopodium clavatum (club moss). 

A large number of powaers are used as surgical dressings, most of 
•them being credited with more or less antiseptic power. In many in- 
stances, however, their antiseptic action is so slight that it would ap- 
pear that most of their virtues are due to' their mechanical properties, 
and not to their bactericidal action. 
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III. SUGARS AND FLAVORING SUBSTANCES. 

Sugars are used in medicine chiefly to disguise preparations of un- 
pleasant taste, and in the small quantities usually employed have little 
further efiect. In large quantities sugars, like other diffusible bodies, 
act as irritants to the stomach and bowel, and comparatively small 
quantities of some sugar substances possess an aperient action. Thus 
molasses and imperfectly refined sugar have some reputation in do- 
mestic medicine as aperients, and honey, manna. Cassia fistula, and 
several fruits are included as mild laxatives in the pharmacopoeias. 
They are scarcely prescribed alone in medicine, but are used to give 
bulk to preparations of the stronger purgatives, such as senna. Their 
aperient action seems to be due to their colloid form, as pure sugar has 
no such effect, and it is possible that they merely delay the absorption 
of fluid, and thus cause softer evacuations than would otherwise occur. 

Preparations. 

Saccharum (IT. S. P.), Saccharum Puriflcatum (B. P.), cane sugar. 

Syuupus (U. S. P., B. P.), a concentrated solution of sugar. Syrup is the 
basis of a large number of medicated syrups of the pharmacopoeias. Sugar 
and syrup are used exclusively to sweeten mixtures and to aid in the suspen- 
sion of insoluble bodies. In place of ordinary syrup many of the flavored i)rep- 
arations may be used, such as syrup of citric acid, of acacia, of almonds, etc. 

Saccharum Lactis (U. S. P., B. P.), sugar of milk, lactose, is not so sweet 
as ordinary sugar, and is much less liable to deliquesce, so that it is used 
largely to give bulk to powders. It has been said to have diuretic properties 
when given with large quantities of water, and to cause purgation when 
given in a more concentrated solution. Asses’ milk contains more lactose 
than cows’ milk, and has been recommended for its slight aperient action in 
chronic constipation. 

Haltum (U, S. P.), malt, barley grain partially germinated and then dried. 

Extractum Malti (U. S. P.). Dose, 16 c.c. (4 fl. drs.). 

Mel, honey, and MelDepuraium (U. S. P., B. P. ), or clarified honey, arc used to 
give taste to mixtures, and have a very slight aperient action, so that they may 
be advised as articles of diet in habitual constipation. Some medicated honeys 
arc used, of which Mel Rosm is included in the U. S. P., Mel Boracu in theB. P. 

Oxymel (B. P.) is a mixture of honey and acetic acid. Dose, 1~2 fl. drs. 

Syrupua Glucod (B. P.), a mixture of liquid glucose and syrup. 

Manna (U. S. P.), a saccharine exudation of Fraxinus ornus (Flowering 
Ash), contains about 50-75 per cent, of mannite, CgHg(OH)g, a hexatomic 
alcohol of sweetish, sugary taste. It has slight aperient properties when 
taken in large quantities. 

Cassia Fistula (U. S. P.), purging Cassia, the fruit of Cassia fistula. . 

The pulp, Gassiss Fulpa (B. P.), contains considerable quantities of sugar. ^ 

Tamarindus (JJ. S. P., B. P.), tamarinds ; Ficus (U. S. P., B. P.), figs ; 
Frunum (U. S P., B. P.), prunes, all contain sugar in considerable quantity. 

These are used as mild aperients and flavoring agents, generally in combi- 
nation with more powerful remedies. Thus manna is used in Infusum 
Sennse Co. (U. S. P.), and the others form ingredients of Conlectio 
Sennae. They are not prescribed alone, but the fruits may be advised as 
articles of diet where a mild laxative is required. The tamarind ®pulp may 
owe its aperient action in part to the presence of tartrates, citrates, malates 
and other cathartic salts. (See Saline Cathartics.) 
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SIMPLE BITTEBS. 

Frequently other flavors are preferred to sugar, which is especially 
disliked in fever cases, as sweet fluids do not quench the thirst so effect- 
ually as acids and bitters. Many of the preparations of the volatile 
oils and some of the demulcents are used almost exclusively as flavor- 
ing agents, and in some both sugar and volatile oil are combined, as in 
the syrnps. 

Instead of sugar some artificial compounds have been introduced of 
late years. Glusidum (B. P.), Benzosulphinidnia (U. S. P.), or Saccharin, 

\ gQ )> NH, and its sodium salt, QH, ^ )> N Na, or soluble 

saccharin, are the best known of these. Saccharin is a light, white 
crystalline powder, soluble in 400 parts of water and in 25 parts of 
alcohol. It is about 500 times as sweet as sugar, and gives a distinct 
flavor to 70,000 times its weight of water. Dulcin, another aromatic 
compound, is said to be even sweeter than saccharin. None of these 
tastes exactly like sugar, however, there being a distinct flavor iTesides 
that of sweetness, and patients generally object to them after a short 
time. They have been used as substitutes for sugar in diabetes, a dis- 
ease in which sugar is to be avoided as far as possible. Some writers state 
that in the presence of saccharin the digestive ferments act raoie slowly 
than usual, but the retarchition is only trifling and does not preclude 
the use of saccharin in the small quantities necessary to sweeten the 
food. Like the other derivatives of benzol, saccharin has some anti- 
septic action and tends to lessen the putrefaction of the intestinal con- 
tents. Even very large doses of saccharin may be injected intrave- 
nously in animals without other effect than some depression and stupor. 

Some pharmacopoeial preparations arc designed to give color to solutions; 
but are seldom or never prescribed, although they are sometimes added by 
the pharmacist. 

Coccus (U. S. P., B. P.), cochineal, the dried female of Coccus Cacti. 

Tinctura Cocci (B. P.). 

Crocus (B. P.), saffron. 

Tinctura Croci (B. P.). 

Santalum Rubrum (U. S. P.), Pterocarpi Lignum (B. P.), red sanders, 
Saunders or sandal wood. 

Rhoeados Petala (B. P.), the fresh petals ofPapaver Ehceas, red poppy. 

Syrupus RheeadoB (B. P.), l-l fl. dr. 

Poppy petals contain none of the alkaloids of opium. 

IV. SIMPLE BliTTERS. 

This group includes a number of substances which have little in 
common except their bitter taste and their comparative inactivity in 
the body. Several alkaloids may be iflaced in it, Berberine, Buxine^ 
Mmispennine and Caiiadine, for, although these are poisonous in very 
large quantities, they are harmless in those in which they are contained 
in the j^reparations used in therapeutics. In addition to these there 
may be placed in it numerous neutral bodies, possessing an intensely 
bitter taste, but with little or no further action, such as the Quaasiimy 
Columbin, and a few weak acids and glucosides. . 
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Fhamacological Action. — ^These substances^ or rather the prepara- 
tions containing them, are largely used in therapeutics in prder to in- 
crease the appetite, and their administration is often followed by a dis- 
tinct improvement in the digestion and an increase in weight. 

Alimentary Tract. — ^The explanation of these effects is still obscure, 
although a large number of investigations have been made as to their 
effects in the stomach. In experiments with artificial digestion the 
pure principles have generally been found without influence on the ac- 
tivity of both gastric and pancreatic fluids, the slight variations ob- 
served lying within the limits of error ; and where any distinct effect 
has been observed, it has generally been a retardation of the process. 
The ordinary therapeutic preparations, on the other hand, generally 
delay artificial digestion, owing to the presence of tannic acid and colloid 
substances. The bitters neither destroy nor greatly retard the growth 
of bacteria in culture media, and most of them seem to be without ef- 
fect on the yeast fermentation of sugar solutions, although Vas found 
that quassiin retarded it somewhat. The absorption from the stomach 
is unchanged by the ])rcscnce of bitters. 

In regard to the effect of the bitters on the secretion of the stomach, * 
Reichmann states that in man the bitters taken during gastric digestion 
do not affect the secretion, although they seem to retard the proteolysis. 
When bitters are taken on an empty stomach, less gastric juice is 
secreted immediately than if the same amount of water had been swal- 
lowed, but some time afterwards a very active secretion occurs. Reich- 
mann, therefore, advises the bitters in cases of insufficient acidity of the 
gastric juice, the remedy to be taken half an hour before meals. On 
the other hand, in hyperacidity the bitters may aggravate the condi- 
tion. This statement is in accordance with the observations of Bokai, 
that the secretory cells of the peptic glands present the histological 
appearances of activity after the bitters have been ingested. 

In animal experiments, the movements of the stomach are said to 
be somewhat augmented by the bitters, and poisonous doses of several 
of them increase the movements of both stomach and bowel, and cause 
considerable hypersemia. But it is unknown whether this action is 
common to all the bitters, and whether the small quantities used in ther- 
apeutics cause any increase in the blood supply. According to Reich- 
mann, the movements are probably somewhat less than usual in man. 

Pohl found that bitters given by the stomach increase to a marked 
extent the leucocytes in the blood of the dog, and Ramm has shown 
that this holds true for man, and adds that the red blood-cells are also 
augmented. Th§ secretions of the pancreas and the bile are unaffected 
by the bitters, but intestinal secretion and absorption are increased an 
hour after bitters reach the intestine (Jodlbauer). . In the mouth the 
bitters cause a reflex flow of saliva, and it has been suggested that this 
may in part explain their therapeutic effect. Large quantities are said 
to cause a burning sensation in the oesophagus and stomach. 

The whole litemtur*' oh the action of the bitters is full of contradic- 
tions, which is perhaps to bo explained by the fact that comparatively 
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few investigators have examined their effect in human digestion, and 
many have contented themselves with the results of intravenous injec- 
tion in animals. The most probable explanation is that of Reichmann, 

* that the gastric secretion is increased. It may be suggested here that 
this does not involve a direct action on the secretory epithelium, for 
Pawlow and his pupils have shown that the chief factor that deter- 
mines the activity of the gastric secretory cells is the odor and taste of 
the food. In dogs with gastric fistula), in which the food swallpwedi 
did not pass into the stomach but escaped through a wound in the 
OBSophagus, the taste and odor of food caused a profuse reflex secretion 
of gastric juice, and bitters given shortly before augmented this reflex 
(Borissow). It is quite possible that bitter tastes may cause this reflex 
secretion in man, and that the whole effa?t may be explained by the 
one property common to all these drugs — ^their bitter taste. In addi- 
tion, it is to be remembered that the improvement is largely subjective, 
and that the bitters are capable of producing a considerable impi’ession 
upon patients, so that the effects may be due in part to suggestion and 
not to any real action of the drug. 

Action after Absorption. — In very large quantities some of the bitters 
produce effects that {ire obviously due to their absorption. These have 
seldom been observed in man, but have been studied in animal experiments. 
Thus Compardon states that in many individuals 0.12 G. of qumsiin produces 
burning in the throat and stomach, discomfort, headache, nausea, and 
vomiting. In dies and other insec^ts it has a narcotic action. Columbin and 
cetrarin were found by Kohler to increase the blood pressure by stimulation 
of the vasomotor centre when they were injectfed intravenously. liamm 
states that the intravenous injection of cetrarin causes irritation of the 
stomach and bowel, purging and vomiting, and general paralysis of the 
central nervous system, which is preceded by convulsions in mammals. Ho 
did not observe any increase in the blood pressure. Both the glucosides of 
condurango produce in dogs ataxia and loss of coordination, with increased 
movement, and eventually convulsions, and death follows in 12-72 hours or 
longer. The brain seems the part chiefly affected in mammals, although the 
reflex excitability of the spinal cord is also augmented in the frog (Jukna). 
Buxine possesses considerable antiseptic power, and prevents the movement 
of leucocytes and of the lower organisms in the same way as quinine. Large 
doses often cause vomiting, confusion, giddiness and tremor, with diarrhoea 
in^dogs, but are sometimes without effect. Ariatolochine^ which has been 
found in several species of Aristolochia, and probably occurs in the official 
serpentary, produces in rabbits acute necrotic nephritis, with albuminuria 
and uraemic symptoms. In dogs it causes a very marked fall of blood pres- 
sure, and hemorrhages in the intestinal mucous membrane, but no nephritis. 
The poisonous action of aristolochine is very similar to, but much more 
l)owerful than that of aloin (Pohl). Lupulinic acid obtained from hops, 
when injected as a neutral salt into the blood, causes first stimulation and 
then paralysis of the medullary centres, but has very little effect when given 
by the stomach even in large doses (Dreser). In beer an oxidized product 
of lupulinic acid occurs, which has no effect even when injected into the 
blobd. Berberine is a very widely distributed alkaloid of the pyridine series 
(CjoH^NOJ, and when administered in very large quantities per os, causes 
diarrhoea, and occasionally vomiting, tremor, acceleration of the pulse and 
respiration and general weakness, from which the animal recovers only 
slowly. Its subcutaneous or intravenous injection is followed by the same 
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symptoms, but paralysis of the hind extremities, convulsions, and asphyxia 
trpm failure of the respiratory centre may occur when it is administered in 
this way, while the. largest quantities are not fatal when exhibited by the 
stomach. The acceleration of the pulse seems due to paralysis of the inhibi- 
tory terminations in the heart, and is accompanied by a fall of blood pres- 
sure from the effects of the alkaloid on the vasomotor centre and on the 
heart directly. Berberine has been credited with causing contraction of the 
uterus and of the spleen, but this is disputed. It has also been said to 
resemble quinine in its effects on bacteria and on the leucocytes, but only in 
very strong solution. Berberine seems to be excreted in part by the kidney 
unchanged, and is said to cause nephritis in large doses. 

The cotoin of Goto bark, and the.jpamco^om and other constituents of 
Paracoto bark are said to cause dilatation of the intestinal vessels when they 
are injected intravenously or perfused through the mesenteric vessels. Para- 
cotoin is much weaker than cotoin. 

. Orexine an artificial base, seems to stand midway between the 

peppers and the bitters in its action, as it is somewhat more irritating than 
most of the latter. Injected into the frog it induces paralysis, which is ap- 
parently of peripheral origin, and its subcutaneous application in mammals 
is followed by tremor, tonic and clonic convulsions, dyspnoea, acceleration 
of the heart and vomiting. It has some antiseptic action, and tends to form 
methsemoglobin when mixed with the blood. No symptoms have been ob- 
served from its use in man, except increased appetite and augmentation of 
the gastric secretion, and in a few cases a feeling of heat in the throat and 
some nausea. 

Preparations. 

Gentiana (U. S. P.), Gentianae Eadix (B. P.), gentian, the root of Genti- 
nna lutea, contains a glucoside, gentiopicrin, a neutral body, gentisin, and 
a trace of tannic acid. 1 G. (15 grs.). 

EXTRACTUM GEJNTlANiE (U. S, P., B. P.), 0.1-0. 5 G. (2-10 grs.), 

Fluidextractuvi Gmtiance (U. S. P.), 0.5-2 c.c, (10-80 mins.). 

Tinctura Gentianae Composita (U. S. P., B. P.), containing gentian, 
bitter orange peel, and cardamom, 2-16 c.c. (J-4 fl. drs.). 

Infuaum Gentiansa Compoaitum (B. P.), containing gentian, bitter orange 
peel, and fresh lemon peel, J-1 fl. oz. 

Quassia (U. S. P.), Quassias Lignum (B. P.), the wood of Piermna excelsa, 
contains several neutral bitter substances, resembling each other closely 
chemically and known as quassiins. 

Extractum Quassia? (U. S. P.), 0.05-0.2 G. (1-3 grs.). 

Fluidextractum Quoasim (U, S. P.), 0.5-2 c.c, (5-30 mins.). 

Tinctura Quassias (U. S. P., B. P.), 1-4 c.c. (15-60 mins.). 

Liquor Quaaaise Concentratua (B. P.), J-1 fl. dr. 

Infusum Quassia? (B. P.), ^-1 fl. oz. 

Calumba (U. S, P.), Oalumbae Radix (B. P.), columbo, the root of Jateor- 
rhiza palmata, or Coiumba, contains columbin, a neutral body, columbic acid, 
and the alkaloid berberine. 

Fluidextractum Calunihm (U. S. P.), 1-2’ c.c. (15-30 mins.). 

Tinctura Calumba? (U. S. P., B. P.), 4^15 c.c. (1-4 fl. drs.). 

Infumm CaluTfibm (B. P.), ^-4 fl. oz. 

Liquor Calumhm Omcentralm (B. P.), |— 1 fl. dr. 

Chirata (U. S. P., B. P.), Chiretta, the plant Swertia chirata, contains a 
glucoside, chiratin, and ophelic acid. 

Fluidextractum (Mr atm (U. S. P.), 0.3-1 c.c. (5-15 mins.). 

Tinctura Chiraim (B. P.), 4-8 c,c. (1-2 fl. drs.). 

lAquor Chiratm Conceniratm (B. P.), J-1 fl. dr. 

Infumm Chiratm (B. P,), J-l fl. oz. 

Taraxacum (U. S. P.), Taraxaci Radix (B. P,), the root of the dandelion, 
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Taraxacum officinale, contains two neutral bitter substances — ^taraxacin and 
taraxacein. 

Extraetum Taraxad (U. S. P., B. P.), 0.3-1 G. (5-15 grs.). 

FluidextroLctum Taraxaci (U. S. P.), Extractum Taraxaci lAquidum (B. P.), 
4-12 C.C. (1-3 fl. drs.). 

Succm Taraxaci (B. P. ), 1-2 fl. drs. 

Berberis (U. S. P. ), barberry, the rhizome and roots of various species of 
Berberis, contains berberine and tannin, 2 G. (30 grs.). 

Fluidextractum Berberidu (U. S. P.), 2 c.c. (30 mins.). 

Pareira (U. S. P.), PareirsB Radix (B. P.), the root of Chondrodendron 
tomentosum, contains an alkaloid, buxine. 

Fluidextraxstum Pardrm (U. S. P.), Extrachm Pardrm Liquidum (B. P.), 
2-8 c.c. (i-2 fl. drs.). 

Serpentaria (U. S. P.), Serpentariae Bhizoma (B. P.), snake-root, the rhi- 
zome and roots of Aristolochia serpentaria and of Aristoloehia rccticulata, 
contfiins a volatile oil, an unknown bitter principle, and perhaps an alkaloid, 
aristolochine. 

Fluidextractum SerpenJtarkc (U. S. P.), 1-2 c.c. 

Tmetura Serpentarice (U. S. P., B. P.), 2-8 c.c. ( J-l fl. dr.). 

Liquor Serpentarm Concentratm (B. P.), ^-2 fl. drs. 

Infusum SerpenUirim (B. P.), J-1 fl. oz. 

Hamulus (U. S. P.), Lupulus (B. P.), hops, the strobiles of Humulus lupu- 
lus, and Lupulin, a glandular i)owdcr separated from hops, contain a volatile 
oil, a bitter neutral substance, lupulin, lupulinic Jicid, and resins. 

Fluidextractum Lupulini{\5, S. P. ), 2-8 c.c. (J-2 fl. drs.). 

Oleoreaina Lupulini (U. S. P.), 0. 1-0.3 G. (2-5 grs.). 

Lupulinum (B. P.), 2-5 grs. 

Infumm Lupuli (B. P.), 1-2 fl. oz. 

Tinctura Lupuli (B. P.), J-l fl, dr. 

Cusparise Cortex (B. P.), Angostura bark, the dried bark of Cusparia feb- 
rifuga, contains four or more alkaloids, eusparine, cusparidinc, galipinc, and 
galipidine, along with a volatile oil and a neutral bitter stuff. 

Infusum Cusparise (B. P.), 1-2 fl. oz. 

Liquor Cusparise Concentratus (B. P.), J-1 fl. dr. 

Nectandrse Cortex, Bebeeru bark, is not pharmacopceial, but is occasion- 
ally used in therapeutics. It contains an alkaloid which is now known to be 
buxine, but which has been called beberine, biberine, or bebeerine hitherto. . 
Buxine or beberine sulphate is prepared from it. 

Condurango, the bark of Gonolobus condurango, contains two glucosides 
of similar properties, and has been used a good deal of late years as a stom- 
achic bitter. It was formerly credited with a specific action on epithelioma. 

Cetraric acid, or cetrarin, is obtained from Iceland moss (see page 47), and 
has been recommended as a bitter in doses of about 0.1 G. (2 gi*s.), in tablets. 

Goto bark, whose origin is still doubtfiil, contains cotoin (C 22 H 18 O 6 ), and 
has. been used to form a fluid extract. Dose, 0.3-1. 5 c.c. (5-20 mins.). 
Cotoin lias been prescribed in the dose of 0.03-0.2 G. (}-3 grs.). 

Orexine Hydrochlorate, C 6 H 4 N 2 C 2 H 3 C 6 H 5 HCI, is a colorless, crystalline 
body, soluble in about 15 parts of water, with a bitter, somewhat pungent 
taste. It is prescribed in powder or tablets. Dose, 0.3 G. (5 grs.). 

Bael fruit, or Bengal quince, was formerly contained in fhe B. P., but has 
been, omitted in the last edition. Veiy little is known regarding its action 
or principles, but it may perhaps have some efffect as a bitter. 

Many other bitter stomachics might be enumerated, some of which 
have been used largely in former times, but as they are all identical in 
their effects, it seems unnecessary to do so. 

Instead of the simple bitters, cinchona and mix vomica preparations 
are often used in small quantities. Many of the preparations which 
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will be enumerated under the volatile oil series owe much of tlieir 
effect to the bitter which accompanies the volatile oil, and in numerous 
other pharmacopoeial preparations bitters are present, although their 
effect is hidden by the action of the drug in other directions. 

Therapeutic Uses. — The bitters are used chiefly to increase the appe- 
tite and the digestion. In convalescents, in persons of sedentary 
habits, and occasionally in chronic dyspeptic conditions they are of 
value, while in cases of more acute gastric irritability they may do 
harm rather than good. Gentian, Quassia, Calumba and Chirata are 
the only simple bitters that are largely used, and the first is much the 
most important. They are generally prescribed as tinctures, fluid ex- 
tracts or other fluid preparations. The last three may be prescribed 
with iron preparations, as they contain little or no tannic acid and 
thus cause no precipitate. Pills are sometimes prescribed with extract 
of gentian or quassia, but it seems open to question whether these in- 
gredients have really any effect when given in this form. Compound 
tincture of gentian is sometimes used to give flavor rather than for any 
effect on the digestion. 

Quassia infusion (ten per cent.) is injected as an enema in the round 
worms of children. 

• 

Several of the drugs mentioned, such as taraxacum and gentian, have been 
supposed to have a specific action on the liver, but there are no sufficient 
grounds for this belief. The supposed virtues of pareira as a diuretic and 
of berberine, buxine, and other alkaloids as substitutes for quinine in ma- 
laria have also proved to have no foundation, and the popular reputation of 
hops as a narcotic probably arises from its association with alcohol in beer. 
Cotoin and Coto bark are said to have some special effect in lessening diar- 
rhoea, in addition to their action as bitters. 
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SERIES. 

V- VOLATILE OIL SERIES. 

The group of volatile, ethereal, or essential oils contains a large 
number of preparations in the pharmacopoeias of all countries. These 
oils are obtained from plants by distillation, or more rarely by pres- 
sure, and must be distinguished by the student from the fatty or fixed 
oils, which are non-volatile. The volatile or ethereal oils are found 
chiefly in the fruits and flowering parts of plants, and are very widely 
diffused through the vegetable kingdom, though some orders, such as 
the Labiatfle, Umbelliferffi, Aurantiaceae, Cruciferm, and Coniferje are 
preeminent in their production. They are all strongly odorous, and 
are therefore used in perfumery, and to conceal nauseous odors and 
tastes in medicine. 

. Their composition is extremely variable. The commonest constituents are 
TsrpeneSj and some oils contain these only, while in a few oils no terpene has 
been found (Attar of Rosea). Terpenes are hydrocarbons of the aromatic series, 
and possess the general formula (OpHq)„. The greiit majority of them, or the 
terpenes proper (C,(,H,g), are combinations of a dihydrobenzol with propyl and 
methyl (CglI^(Hj,)C3H[^OHj,). Some twelve terpenes of this formula are known, 
varying in their chemical structure and in their stereometrical form. Another 
group of these hydrocarbons is formed by the Sestjuiterpenefi (CjgHg^), while a few 
Diterpenes are known. Some volatile oils consist of these hydrocarbons 

only, but many of them contain in addition some oxidized aromatic substances, 
such as phenols, ketones, aldehydes, acids and their compounds ; as instances 
of these may be cited camphor, thujon (from oil of absinth), sabinol (oil of 
sayine), safrol, thymol, eucalyptol, myristicol, and vanillin. Many of these 
oxidized products crystallize out when the volatile oil is cooled sufficiently, and 
especially on long standing, and the resulting solid is known as a Stearoptenc^ 
while the fluid remaining is sometimes called Ekeoptene, The oils containing 
oxygen are not so volatile as the pure hydrocarbons, but the odor is often due 
chiefly to the oxidized substances. A very few oils contain nitrogenous bodies, 
generally in the form of cyanides, while, on the other hand, the majority of the 
volatile oils of the Cruciferm contain sulphur bodies, which lend them a i>ungent, 
disagreeable odor, quite difiereiit from that of the other oils. 

The volatile oils are generally clear, colorless fluids, although some 
of them are green from the presence of small quantities of vegetable 
coloring matter, while others are blue in color from the presence of a 
terpene derivative (azulene). After long keeping they often acquire 
a yellowish color and an acid reaction, from the formation of resins. 
They are generally light, sparkling fluids, but the oils of copaiva and 
cubebs are more viscid. They are insoluble in water except in very 
small amount, which, however, is enough to lend their characteristic 
,odor to the solution ; in strong alcohol, ether, benzol, chloroform, and 
fixed oils, they are freely soluble. , 

Many of the plants from which the volatile oils are ootained possess 
other active constituents, such as bitters, and as many of the prepara- 
tions used in therapeutics are formed, not from the distilled oils, but 
from the crude parts of plants, it must be noted that the oil is not the 
only actiVte principle in them. A series containing members which 
difl^er so widely chemically, and which in fact have only their volatility 
and their aromatic nucleus in common, could not be expected to have 
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a uniform action in the animal organism. It is found, however, that 
they resemble each other in their therapeutic properties, because they 
are used almost solely for their local action, and that in only small 
quantities. Some of the volatile oil preparations which are employed 
for their general effects, will be discussed later. (See Camphor.) 

Action Externally. — The volatile oils all possess antiseptic properties, 
which are doubtless due in part to their volatility enabling them to 
penetrate readily into protoplasm and to lessen its vitality by acting 
as foreign bodies. In addition, they are nearly related to the benzol 
series, the members of which are all antiseptics and protoplasm poisons. 
They differ a good deal in their germicidal power, and are much more 
poisonous to the moulds than to the bacteria. The most active oils 
are those containing a large amount of terpene, such as the oil of tur- 
pentine. 

Their volatility may also explain their irritant action in part, for 
most other volatile substances are more or less irritant, but here again 
their relation to the phenols and benzol cannot be ignored. Applied 
to the skin, they cause redness, itching and warmth, owing to a local 
dilation of the vessels, which may be due to the penetration of the oil 
to the cutaneous arterioles or veins, or to a reflex from the irritated 
terminations of the sensory nerves acting on the vasomotor centres. 

When painted on the mucous membranes, such as those of the eye 
or nose, or on wounds, the volatile oils cause similar irritation, which 
is betrayed by redness and congestion, pain and smarting. 

Action on the Alimentary Canal. — Strong solutions of the oils act 
as irritants in the mouth. They have generally a hot, burning taste, 
and if kept in the mouth, cause redness and irritation of the mucous 
membranes, although some of them induce a sense of coolness at first. 
At the same time the organs of smell are affected by these oils, which 
are almost all possessed of characteristic odors. The irritation of the 
mouth leads to a reflex secretion of saliva, which is often very profuse. 
The antiseptic action of the oils is exercised in the mouth as elsewhere, 
and may have a beneficial effect in some conditions. 

On passing into the stomach, the oils cause the same sensation of 
warmth in that organ, and this is accompanied by a sense of well- 
being and comfort, the appetite is often increased, and any feeling of 
distention after meals is relieved. This is often attended by the eruc- 
tation of quantities of gas. Substances which produce these eflTects in 
the stomach are known as carminatives, and many explanations of their 
action have been offered. The oils undoubtedly act as antiseptics here 
as elsewhere, and may hinder the development of yeasts and othef 
organisms andnhus be of benefit, but this would not give the imme- 
diate feeling of relief which is often experienced after a small quantity 
of these remedies. The process of digestion seems to be rather re- 
tarded than accelerated by the presence of the oils, as far as can be 
^adged by test-tube expriments and by some measurement's made by 
Suchheim on the digestion of animals with gastric fistulse. The secre- 
tion of the gastric glands has been said to be increased by the direct. 
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action of the volatile oils, but this has been disputed. But it must 
not be forgotten that the most powerful stimulant to gastric secretion 
is the smell and taste of food, and that substances of agreeable taste 
and odor cause a marked increase in the gastric juice by reflexes from 
the mouth and nose. An argument for the direct action of the volatile 
oils on the secretory glands has been drawn from the observation that, 
applied to the frog’s skin, they induce a profuse local secretion, but this 
is scarcely suflBcient basis for an explanation. The eructation of gas 
certainly suggests that the volatile oils accelerate the movements of tlie 
stomach, and this has been repeatedly confirmed by the direct observa- 
tion of the stomach walls. Brandi has also shown recently that absorp- 
tion occurs much more rapidly from the stomach in the presence of 
slight irritants, such as the volatile oils. Finally it must be added that 
niany of the beneficial effects are purely subjective ; the patient has a 
feeling of warmth and comfort in the region of the stomach, arising 
from the slight irritation and consequent hyperssmia of the mucous 
membrane, but this does not necessarily indicate any marked altera- 
tion in the processes of digestion or in the movements of the stomach. 

Similar effects are believed to be produced in the intestine, for the 
administration of these oils is often followed by an improvement in its 
condition, manifested by lessened flatulence and distention, and relief is 
given by their use in some forms of colic. The antiseptic action may 
play a part in these effects. Scanzoni and Farnstciner have recently 
shown that the intestine, like the stomach, absorbs more rapidly in the 
presence of small quantities of the oils. The pancreatic secretion was 
supposed to be increased by their irritant action in the stomach, through 
a reflex travelling both centripetally and centrifugally along the vagus 
fibres (Gottlieb), but Schirokikh asserts that this is true only when 
large quantities produce very marked gastric irritation. Whether the 
peristaltic movements of the bowel are increased by the volatile oils 
is quite unknown. It is believed, however, that their administration 
lessens the pain and griping produced by some of the more powerful 
purgatives, and several pharmacopceial preparations are formed on this 
theory, which is supported by many years of clinical experience. 

A considerable increase in the leucocytes of the blood follows their 
ingestion by the mouth, but this is observed in congestion of the 
stomach and intestine from other causes and is not induced by the sub- 
cutaneous or intravenous injection of the volatile oils, so that it cannot 
be regarded as a specific effect. Winternitz found that irritation of 
the pleura causes less purulent exudate in animals treated with some 
Watile oils than in control^ which were not treated in any way, and 
concludes that the presence oJ the oils in the blood lesseTis the exudate 
and also promotes its absorption ; he is inclined to regard this anti- 
phlogistic action as a result of the leucooytosis and of a supposed attrac- 
tion exercised on the leucocytes by the oils, which prevents their wander- 
ing into the tissues. . . ^ j .. 

Excretion. — Like other bodies of the aromatic senes, they tend to 
undergo a partial oxidation in the body; thus the terpenes 
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become terpenols (Ci^H^H), and several derivatives of the terpenes 
have been shown to undergo a similar change of a hydrogen atom to 
hydroxyl, while others which contain the -OH group originally, remain 
unaltered. The odor of the original oil or of these derivatives may often 
be detected in the breath, showing that a small part is excreted by the 
lungs, and possibly traces may be eliminated by the skin. Some also 
. escapes by the kidney uncombined and imparts an odor to the urine 
either of the original oil or of some oxygen derivative; for instance, 
oil of eucalyptus or of turpentine gives the urine a violet odor. But 
much of the hydroxyl product is combined with glycuronic acid and 
escapes in the urine in this form, while some may combine to form 
conjugate sulphates. The glycuronic acid reduces Fehling’s solution, 
especially when the urine is previously boiled with acid, so that the 
volatile oils were formerly credited with inducing glycosuria. Some 
of the constituents of the oils are oxidized to acids and excreted in the 
urine as salts. 

In the course of excretion, some of the oils cause irritation of the 
lungs and kidneys, so that some of them are employed to increase the 
bronchial secretion, while others have a distinct diuretic action. This 
irritant action is of course not confined to the tissue, but extends to 
microbial guests, so that the volatile oils have been given internally 
with the intention of destroying or retarding the growth of bacteria in 
the lungs, and some of them are used almost exclusively for their anti- 
septic action in the urine. 

Poisoning, — The various oils differ a good deal in their activity, 
while resembling each other closely in the general characters of their 
effects. All of them may produce marked irritation of the stomach 
and bowel when given in large quantities, but the oils of tansy, sage, 
and English pennyroyal are distinguished especially by the violent in- 
flammation they cause, and by the frequency with which fatal poison- 
ing occurs from their use. The terpenes appear to be but slightly 
poisonous, and their effects are probably limited to local irritation ; the 
oxidized aromatic substances have been shown to be the poisonous con- 
stituents in all the oils hitherto examined. The symptoms are those 
of acute gastric, intestinal, and often renal irritation — vomiting, purg- 
ing, acute pain in the abdomen, blood in the stools and in the vomited 
matter, collapse, weakness of the pulse and respiration, anuria, or 
albumin and blood in the urine, and convulsive attacks ending in come 
and death. Great hypersemia of the abdominal organs, often blood in 
the peritoneal cavity, and sometimes acute inflammation of the kidney^ 
are the chief ^ost-mortem appearances. The hyperaemia and conges- 
tion of the organs of the abdomen may cause abortion in pregnancy, or 
increase the menses, and in the majority of cases of poisoning, these 
oijs have been taken with the object of inducing abortion. In many 
instances, however, the drug has proved fatal without this end being 
achieved. • 



Goneral Action. — The small quantities of volatile oils administered in or- 
dinaiy medicinal use pass through the 'tissues without modifying them per- 
ceptibly, their only effects arising in the organs by which they are absorbed 
and excreted. In layge quantities, however, some of them (the oils of worm- 
wood, nutmeg, sage, savine among others) produce symptoms wliich indi- 
cate an affection of the central nervous system quite apart from their local 
action. The latter a]so produces nervous effects reflexly, and it has been 
found exceedingly difficult to distinguish these indirect results from those 
caused by the direct action on the central nervous system. A good deal of 
divergence is to be found in the statements of different writers from this cause, 
and also from the fact that comparatively few researches have been carried 
out with pure principles. Many of the oils vary in their constituents accord- 
ing to the climate, the season of the year, and other conditions under which 
the plant was grown, and some of the confusion may arise from differences 
in the oils used by investigators. Almost all the oils hitherto examined cause 
depression and final paralysis in the frog» The action seems to be mainly on 
the brain, larger quantities being required to paralyze the spinal cord than to 
prevent all spontaneous movements. This stage of depression is preceded 
by one of excitement after oil of wormwood and some others. Some of the - 
oils paralyze the terminations of the motor nerves in voluntary muscle like 
curara and camphor. 

In mammals the general action of the constituents of the volatile oils seems 
to involve a preliminary stimulation and subsequent depression of the nerve 
cells. The relative importance of these two stages differs in different oils, 
some, e, ^., turpentine oil, causing only a transient excitement, followed by 
marked weakness and depression, while others, such as the oil pf absinth, 
cause very marked excitement and convulsions. The activity of the oils 
as nervous poisons also varies greatly, some producing only insignificant 
effects on the central nervous system compared with those from their local 
action, while in others, such as the oil of absinth or wormwood, the symp- 
toms ffom the nervous system predominate in cases of poisoning. As a 
general rule the higher divisions of the central axis are affected more than 
the lower and epileptiform or clonic convulsions may be induced (camphor), or 
tremors similar to those described under carbolic acid and presumably pf similar 
origin (safrol and nutmeg oil). In many cases a combination of excitement and 
ataxia is observed, the animal moving about restlessly, but being unable to 
balance itself. In the later stages of poisoning the spontaneous movements 
cease, while the excitation of the lower centres still persists, and wild convul- 
sive movements accompany the final arrest of the respiration. 

The medullary centres are also affected differently by the various oils and 
their constituents. The respiration is finally depressed by all of them, but 
this depression is often preceded by stimulation, the breathing increasing 
both in rapidity and in volume. The vasomotor centre undergoes similar 
changes, the blood-pressure falling from some oils immediately, ffom others 
only after a preliminary increase. 

The heart does not seem to be affected by most of the volatile oils, except 
indirectly. In cases of ppisoning the collapse and shock may alter the 
character of its contractions, but direct effects on the cardiac muscle have 
qot been shown to be produced by the volatile oils, unless when enormous 
quantities are injected intravenously. . x 

Heffber and Lindemann have recently shown that some of the constituents 
of the oils cause fatty degeneration of various organs, especially of the liver 
and kidney, while others of very similar constitution have no such effect. 

Large quantities of the volatile oils often produce a considerable fall in the 
temperature. 

Although^ these general effects of the volatile oils have no therapeutic im- 
portance, the frequent occurrence of epilepsy and insanity in habitual ab- 
sinth drinkers have given them some practical interest. 

. b 



66 OBQAmC SUBSTANCES AC^ISQ LOCALLt. 

Diflferent oils are used for different purposes in thorapeutics> although 
they all resemble each other in most respects, and it is, therefore, con- 
venient to divide them into several therapeutic classes.^ A number 
of the less irritant members are used very largely as flavoring agents, 
for their carminative effects on the stomach and intestine,, more rarely 
as antiseptics, and as expectorants. Another small class may be formed 
of the malodorous oils, a third of those used as genito-urinary disin- 
fectants, while several which contain a large proportion of terpenes and 
are too irritant to be employed as carminatives, will be discussed among 
the skin irritants. 

1. Volatile Oils Used as Flavoring Agents and Carminatives. 

As regards their use as flavoring agents but little need be said, one 
preparation is used by one physician, another by another, and the se- 
lection is largely a matter of custom and taste. The orange prepara- 
tions are probably more generally appreciated by patients than any 
others. Carminatives are used only when no marked irritation of the 
stomach or intestine is present, in cases where the gastric juice seems 
unable to cope with the food ingested, especially in persons of sedentary 
habits. In cases of colic, flatulence and abdominal distention they are 
often of use, provided that these are not due to peritonitis and other 
inflammatory diseases. Several of them have been employed as sur- 
gical antiseptics, notably thymol, but its insolubility in water has pre- 
vented its extensive adoption ; they are more widely used as parasiti- 
cides for scabies, pediculi, etc. Some of the oils, such as oil of cloves, 
are used in dentistry to relieve pain, and also for their antiseptic action ; 
the relief of pain is due to their paralyzing the exposed nerve ends 
after a preliminary irritation. Eucalyptus has been advised in septic 
conditions and in malaria, and at one time was supposed to be a spe- 
cific for the latter ; it improves some eases, but is not reliable, and 
has probably no more efiect than others of the series. Its use as an 
internal remedy in septicaamia is apparently no more successful, al- 
though it still enjoys some reputation in these cases. Volatile oil 
preparations are sometimes given internally in the hope that in their 
excretion through the lungs they will exercise an antiseptic action in 
pulmonary disease, but the traces excreted in this way are quite incap- 
able of any noticeable effect on microbial growth and the tubercle bacil- 
lus, against which these measures are most frequently directed, appears 
to be peculiarly resistant to the action of this group of remedies. 
They are frequently inhaled with a similar object. Some of them have 
been used as anthelmintics to destroy tapeworm in the intestine, and 
thymol has recently proved very effective in destroying the intestinal 
parasites in uncinariasis (see Thymol), Extenially some of them are 
used as mild skin-irritants, generally in the form of spirits. Arnica 
has a great popular reputation as a stimulating local remedjf in bruises 

^Two Bmall and unimportant. groujw of bodies which are used for the same purposes 
as some of the volatile oils have been inserted along with these. 
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and sprains, although it has no specific action and is in no way prefer- 
able to the other members of the series. 

The volatile oils are important constituents of many of the popular' 
liqueurs, such as Kummel, Maraschino, Curajoa, Chartreuse, etc., and 
therefore have a certain dietetic importance. 

Preparations. 

Crude Drugs. — ^Many of the pharmacopoeial preparations are whole plants, 
seeds, leaves or flowers, and are never prescribed, although some of them 
are used in popular medicine in the form of infusions or ‘ * teas . ' ^ The virtues 
of these old-fashioned remedies lie perhaps more in the large draughts of 
warm water than in the traces of volatile oil which they contain, but the 
presence of the latter prevent, to some extent, the nausea producjed by warm 
water alone. These infusions are used to induce perspiration in fevers or 
chills, as diuretics, or to relievo colic and griping, and generally contain 
about a tablespoonful of the herb to one or two cupfuls of water. Those 
most frequently used for this purpose are peppermint and spearmint leaves 
and tops {Mentha Pipeinta and Mentha Viridis, U. S. P.); Coriander seeds 
{Coriandrum^ U. S P., Coriandri Frmtus, B. P.) ; Chamomile flowers {Anthe^ 
miSj U. S. P., Anthemidis Flores, B. P., and Matricaria, IT. S. P.); Anise 
(Anisum, U. S. P., Anisi Fructuf*, B. P., the fruit of Pimpinella anisum); 
Elderflower {Sambuei Flores, B. P.); and Horehpund {Marruhium, U. S. P., 
leaves and tops). In different countries, however, the constituents of the 
herbalist recipes vary according to the local flora. The U. S. Pliarmacopocia 
recognizes a number of other crude drugs of this group, but as these are seldom 
or never prescribed, they need only be enumerated here: Horn G allied (red rose 
petals). Eucalyptus, Limonis Cortex (lemon peel), Aurantii I)ulds Cortex, Auran- 
tii Amari Cortex (sweet and bitter orange peel), Caryophyllus (cloves), Fimenta 
(allspice), Cinnamomum (cinnamon), Sassafras (sassafras bark), Cypripedium 
(lady’s slipper), Fmnieulum (fennel). Vanilla (vanilla), Cardamomum. (carda- 
mom), Carum (caraway), Myristiea (nutmeg), Hedeoma (pennyroyal), Salvia 
(sage), Sabina (savinej. Arnica, and Zingiber (ginger). The British Phar- 
macopoeia is less lavishly supplied with these little used crude drugs. It 
contains, in addition to those first mentioned : Jiosw Gallicw Petala (red 
rose petals), lAmonis Cortex (lemon peel), Aurantii Cortex Eecens and Siccatus 
(fresh and dried orange peel), Caryophyllum (cloves), Carui Fructus (caraway 
seeds), Pimenta (allspice), Qinnamomi Cortex (cinnamon bark). Sassafras Radix 
(sassafras root), Feeniculi Fructus if QnnoiX seeds), Cardamomi Semina (cardamom 
seeds), Myristiea (nutmeg), Arnieve Bhizoma (arnica rhizome), Zingiber (gin- 
ger), and Anethi Fructus (dill). 

Bitter Almonds {Amygdala Amara, U. S. P., B. P.) may be nientioned 
here, as, although they contain no volatile oil in themselves, one is formed 
from them when they are bruised in water. They contain a glucoside, 
ainygdalin, and a ferment, emulsin, which, in the presence of water, decom- 
poses the amygdalin into dextrose, prussic acid, and ben /aldehyde. 

Amygdalin. Dextrose. Prussic acid. Beuzaldebyde. 

CaoH^NOn + 311,0 = 2(C,H,A) + HCN -f C,HeO + H.,0 

The prussic acid and benzaldehyde, which are probably in combination and 
not merely mixed together, are known as the oil of bitter almonds, which 
is much more poisonous than the other volatile oils, owing to its containing 
prussic acid. Emulsin is also contained in the sweet almond, but no amyg 
dalin, so that no prussic acid is formed when it is pounded in water. The 
fixed oil of almonds is formed from bitter and sweet almonds, but contains 
no prussic acid. Laurel leaves {Laurocerasi Folia, B. P.), and the bark of 
the Virginian prune, or cheny {Prunus Virginiana, U. S. P., Pruni Virgini- 
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€m<E Cfjirjfftr, B, P.), also contain amygdalin, or some nearly related substskiice, 
and emulsin, and form benzaldehyde and prussic acid when rubbed up with 
water. The Virginian cherry bark has, however, a more bitter taste than 
the others, from the presence of a resin or some other unknown body. 

The Volatile Oils themselves are also represented in unnecessarily large 
numbers in the, pharmacopoeias. 

U. S. P. — Oleum Mmdiim Piperitm (oil of peppermint), 01. Menthse Vindis 
(spearmint oil), 01. Gaultherise (wintergreen), 01. Ijavandulse F^rum (oil of 
lavender), 01. Eucalypti (eucalyptus oil), 01. lAmmm Corticia (oil of lemon), 
01. Aurantvi Coriims (oil of orange peel), Oleoresina Zingibervi (ginger), 01. 
Amygdalm Amarm (bitter almonds), 01. Caryophylli (oil of cloves), 01. Pimentos 
(oil of allspice), 01. Canii (caraway oil), 01. Cinnamomi (cinnamon), 01. Cori- 
andri (coriander), 01. Erig^ontie (erigeron or fleabane), 01. Cajuputi (cajuput), 
01. Sassafras (sassafras), OL Anisi (anise), 01. Foenimli (fennel), 01. Mosmarini 
(rosemary), OL Hedeomm (pennyroyal), 01. Juniperi (juniper), 01. Minw 
(savine), OL Rohcb (oil, attar or otto of roses), OL BetuUz Volatile (volatile oil 
of birch), OL Thymi (thyme), OL Myristicm (nutmeg). 

B. P. — Oleum Anethi (oil of dijl), 01. Anisi (anise), 01. Cajujmti (cajuput)i, 
01, Carui (caraway), 01. Caryophylli (cloves), 01. Cinnamomi (cinnamon), 01. 
Coriandri (coriander), 01. Eucalypti (eucalyptus), 01. Lavandulse (lavender), 
01, lAmonis (lemon), 01, Mentha Piperitse (peppermint), 01. Menthse Viridis 
(spearmint), 01. Myristicse (nutmeg), Oi. Ardhemidis {chamomile), 01. Pimentae 
(allspice), OL Rosse (oil, attar, or otto of roses), 01. Mosmarini (roseinary). 

The majority of these oils resemble each other very closely in their efifects 
and require no special comment. Oil of roses is so expensive that it is never 
used in medicine, especially as it has no special advantages over the others. 
The oils of rosemary, juniper, and savine are more irritant than the others, 
and are seldom used. The oils of wintergreen and of birch consist mainly 
of methyl-salicylate, and may be used instead of the other salicylates. . 
Nutmeg and mace oils are more poisonous than the others, not from their 
local irritant action so much as from their effects after absorption. Oil of 
bitter almonds contains a very variable amount of prussic acid and therefore 
cannot be substituted for the other volatile oils, but its preparations are so 
dilute as to be void of all danger. 

The volatile oils themselves are comparatively little used. A single drop 
may be added to powdera, pills or solutions to give a pleasant odor, and 
their presence in tooth powders renders these more or less strongly antiseptic. 
Occasionally they are given in cases of colic or in chill by pouring a few ' 
drops on a piece of sugar which is sucked. The dose of the volatile oils in 
general is 1-2 drops. 

. Spiritus are formed from many of the volatile oils by dissolving them 
in alcohol, sometimes with the addition of water and sometimes with 
some of the crude drug, so that the preparation is really a mixture of 
tincture and spirit. The spirits or essences of the volatile oils are used 
very largely as flavoring agents in mixtures for internal use, and are 
often added to external applications to lend them odor. They may , 
also be prescribed where alcohol is indicated but is distasteful to the 
patient; the spirits of tlie volatile oils contain nearly double the 
amount of alcohol in brandy, and have to be diluted accordingly. 
Any of them may be used as carminatives, but the spirits of pepper- 
mint, cinnamon, anise and lavender are more frequently used for this 
purpose than the others. Spirit of juniper is often given as a diuretic, 
either alone or along with other drugs. Spirit of rosemary is generally 
psed externally/ Many of the common perfumes are spirits of difier- 
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ent volatile oils; thus eau de Cologne contains the oils of bergamot, 
lemon, rosemary, lavender and orange-flower, along with acetic ether 
and alcohol. 

The doge of the spirltus as carminatives is 1-4 c.c. (15-60 mins.). 
They are often prescribed along with other stomachics, such as nux 
vomica, cinchona, or the bitters. 

XJ. S. P. — Spiritua Amygdalse Amarm, Spir, Anm, 8pir, Aurwniii C&mpositm 
(containing the oils of orange peel, lemon, coriander and anise), Spir, Cinna- 
momi, Spir. GauUheriss^ Spir. Juniperi, Spir. Juniperi Compositus (containing 
oils of juniper, caraway and fennel. Dose, 4-8 c.c., 1-2 fl. drs.), Spir, Lavan- 
dulm^ ^ir. Menthm Piperitm^ Spir. Mmtlm Vlridw. 

Elixir Aromaticurn and ElMr Adjuvam arc preparations of the Spir. Aurantii 
Compositus, which are used exclusively as flavors. 

B. P. — Spiritua Aniaiy Sp. CajupuH, Sp. Oinnamomiy Sp. Juniperiy Sp. La- 
vandulsdy Sp, Menthas PiperitjXy Sp, Myriaticsey Sp, Roarmrini, 

The jeompound spirit of horseradish {Spir. Armora^iee Compoaitua) is ob- 
tained by extracting the volatile oils of horseradish, bitter-orange peel, and 
nutmeg with dilute alcohol and purifying them by distillation. Horseradish 
oil, like that of most of the Crucifer®, is a sulphur compound, and has a 
peculiarly hot, burning taste. Dose, 1-2 fl. drs. (4-8 c.c.). 

Aau®. — The volatile oils are very insoluble in water, but when they 
are shaken in it, enough remains in the water to give it the odor and 
taste of the oil. In the, process of obtaining the oils from the crude 
drugs by distillation, some oil is held by the water, and a number of 
these waters (aqum) are contained in the pharmacopoeias. They are used 
as substitutes for distilled water in making up prescriptions, the small 
quantity of volatile oil serving merely to give a pleasant odor and taste. 

TJ. S. V.-^Aqua Aniaiy Aq, Aurantii Flor. and Aq. Aurantii Florum Fortior 
(the lajtter containing twice as much volatile oil as the former), Aq. dnna- 
momiy Aq, Foeniculiy Aq, Menih, Fiperitegy Aq, Menth. Vtridia, Aq. RoaaSy 
Aq, Roase Fortior (the latter twice as strong as the ordinarily used Aq. 
Roam), 

B. P. — Aqua Anethiy Aq. Aniaiy Aq. Aurantii Florumy Aq. Caruiy Aq.' Oin^ 
namomiy Aq. Fmniculiy Aq. Lauroceraai (laurel water, containing prussic acid 
and benzaldehyde), Aq. Menthm Piperitmy Aq. Menthm Viridia, Aq, Pimenimy 
Aq. Roam, Aq. Sdmbuci. 

Another preparation containing a volatile oil merely as a flavoring ingredient 
is Unguentum Aqum Rom (cold cream), U. S. P., B. P. 

Some of the preparations containing volatile oils are derived not 
from the oil itself, but from the crude drug, and therefore contain 
non-volatile substances which are generally absent from the prepara- 
tions already mentioned. As a general rule these non-volatile bodies 
are inactive, but in some cases, bitters or resins are contained in the 
preparations, and may influence their action. Thus a bitter glucoside, 
hesperidin, is found in the orange peel, and is present in the prepara- 
tions formed directly from it, while it is absent from those formed from 
the volatile oil. Ginger contains a resin of hot, burning taste, which 
increases*the carminative action of the oil. Cinnamon contains some 
tannic acid, which passes over in the tincture, while a fixed oil is con- 
tained in car^mom. Arnica contains a bitter substance, arnicin j 
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calamus^ a bitter, acorin, in addition to a volatile^ oil ) cascarilla, a 
bitter principle, cascarillin, along with another oil. Preparations 
which contain a bitter substance in addition to a volatile oil, are often 
classed as aromatic bitters along with the Pepper series. 

Among the preparations formed from tbe crude drugs are the Syrups, 
which are used exclusively as flavoring agents. 

IT. S. P. — Syi'upus Aurantii Florum, Syr. AmygdalsR^ Syr. Aurantiij Syr, 
Bobw, Syr, Zingiberis^ Syr. Pruni Virginianse. 

B. P. — Syrvpits Aromaticvs (containing tincture of orange and cinnamon 
water), Syr. Aurantii^ Syr. Aurantii Floria, Syr. Limonis^ Syr. Pruni Virginia 
anss^ Syr. Koaie, Syr. Zingiberia. Dose of syrups, B. P., 2-4 c.c. (J-1 fl. dr.). 

The Tinctures are used for the same purposes as the spirits of the 
pure oils, and in the same dose, 1-4 c.c. (15-60 mins.). The tinctures 
of arnica are employed externally as applications to bruised surfaces 
and in similar conditions, but they have no more effect than other 
preparations, although they are popularly regarded as specifics. 

U. S. P. — Tinctura Arnicai, Tinct, Aurantii Amari, Tinct. Aurantii DulciSy 
Tinct. Linionu Cortici»y Tinct. Cardamomiy Tinct. Cardamomi Compomia 
(containing cardamom, cinnamon, caraway), Tinct. Cinnmnomiy Tinct. Lavan^ 
dulse Compoaita (oils of lavender, rosemary, cinnamon, cloves, nutmeg), Tinct. 
VanillXy Tinct. Zingiberia. 

B. P. — Tinctura AmicsCy Tinct. Aurantiiy Tinct. Cardamomi Compoaita (con- 
taining cardamom, caraway, cinnamon and raisins), Tinct, Ginnamomiy 
Tinct. Lavandulae Compoaita (lavender, rosemary, cinnamon, nutmeg), Tinct, 
Limonisy Tinct. Pruni VirginianXy Tinct. ZingiberiSy Tinct. Caacarillm. 

Fluid Extracts of the volatile oil series. 

U. S. P. — Fluidextractum Aurantii Arnariy 1-2 c.c. (15-30 mins.). 
Fluidextractu7n RoacBy 4-8 c.c. (1-2 fl. drs.). 

Fluidexiractuvi Calamiy 0.5-1. 3 c.c. (8-20 mins.). 

Fluidextractum SahinWy c.c. mim.). 

Fluidextractum Pruni VirginiancBy 2-4 c.c. (J-1 fl, dr.). 

Fluidextractum ZingiberUy 0.5-1. 3 c.c. (8-20 mins.). 

Flwidextractum AromaticuMy 0.5-1. 3 c.c. (8-20 mins.), from aromatic powder. 
The only fluid extracts at all extensively used are the last three. 

Inftisions. 

U. S. P. — Infuaum Pruni Virginianse. 

B. P. — Infuaum Aurantii, 

Infuaum Aurantii Compositum (formed from bitter orange peel, fresh lemon 
peel and cloves). 

Infuaum Caryophylli. 

Infuaum Roam Acidum (containing sulphuric acid). 

Infuaum Caacarillm. 

These infusions are given in doses of J-1 fl, oz. (15-30 c.c.) and may be 
used instead of the medicated waters (aqum). ^ 

Other Frepardtions. 

Exiractum Anthemidia (B. P.), 0.1-0. 5 G. (2-8 grs.). 

Confectio Roam GaUicse (B. P.). 

These last two preparations are used almost exclusively as cohesive bases 
for pills. 

Pulvia Aromaticua (U. S. P.) contains cinnamon, cardamom, ginger, and 
nutmeg in powder, and is a useful caiminative in doses of 0.3-2 G. (5-30 grs.). 

Pulvia Cinnamorni CompoaUna (B. P.) contains cinnamon, cardamom and 
ginger, and is used as a canninative in doses of 10-40 grs, 

Un^entum Eucalypti (B. P.), 
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Flire Principles used as flavors : 

Safrolum (U. S. P.), safrol {OjH,*C,H,'OOCHj), a pure principle found in 
sassafras and other volatile oils^ possesses an odor like sassafras. It is a colorless 
or faintly yellow liquid, soJuble in alcohol and ether. Dose, 0.8 c.c. (5 mins.). 

VaniUinum (U. S. P.), vanillin (C^Hg*OH*OCHj,-COH), occurs in vanilla and 
is also made synthetically. It forms white needle crystals, slightly soluble in 
water, easily soluble in alcohol and ether, and possesses the odor and taste of 
vanilla. Dose, 0.03 G. (J gr.). 

Benzaldehydum (U. S. -P.), benzaldehyde (CgHgCOH), occurs in the oil of 
bitter almonds, and is also made artificially. It is a colorless fluid with the odor 
and taste of bitter almond oil, very slightly soluble in water, but freely miscible 
with alcohol. Dose, 0.03 c.c. (J min.). 

.Cinnaldehydum (U. S. P.), cinnamic aledhyde (OgITjCH rCH’COH), is. 
nearly identical with cinnamon oil and forms a colorless liquid with the odor of 
cinnamon and a hot, burning histe. Dose, 0.05 c.c. (1 min.). 

Eugenol (U. S. P.), a phenol (CgHgOH-OCHg-CgHg) obtained from oil of 
cloves and other oils, and forming a colorless liquid with an odor like cloves, and 
a hot, burning taste. Dose, 0.2 c.c. (3 mins.). 

These principles are used exclusively to give flavor and odor. 

Several pure substances which have been isolated from the volatile 
oils and introduced into therapeutics (eucalyptol, menthol^ thymol) will 
be mentioned later. (See index.) 

A number of other volatile substances are used locally in medicine 
for the same purpose as the volatile oils, although they are classified in 
other groups owing to their possessing other properties which are not 
shared by the oils. Among these may bo mentioned especially the 
preparations of chloroform (aqua, eraulsurn, spiritus, linimentum), the 
simple and compound spirits of ether, and acetic ether. These are used 
largely for the same purposes as the volatile oil preparations, and when 
administered in moderate quantities do not cause any further effects. 
The preparations of alcohol known as spirits. Or liqueurs, or essences, 
contain volatile oils — Cura^oa, Cherrywater (Kirch wasser), Kummel, 
Essence of Mint, etc. — and the simpler spirits. Brandy, Whiskey, 
Rum, Gin, and the wines contain bodies known as oenanthic ethers, 
which probably act in a similar way. 
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2. Pepper Group. 

Several drugs which act as carminatives like the volatile oils, but which 
differ from them in the nature of their active constituents, may be mentioned 
here. 

Black Pepper contains a weakly basic substance, Piperine (which is broken 
up by caustic alkalies into Piperidine and Piperinic acid), in addition to a 
volatile oil and ^ bitter pungent resin. According to Buchheim a second 
base, Chavidne, also exists in it and can be decomposed into Piperidine and 
Chamdc acid. Piperine is insoluble in water, and has therefore no taste 
when absolutely pure, but is hot and pungent to the taste when it is taken in 
solution. ' 

Pyrethrum, or pellitory, contains similar constituents, volatile oil, resin 
and Pyreihrine, which is decomposed into Piperidine and Pyrethric acid 
(Buchheim). 

The unstable alkaloid, Sedine, of Sedum acre (biting stonecrop), resembles 
the pepper alkaloids in its effects, but has not been accurately examined as 
yet. 

Capsicum, or Cayenne pepper, contains a number of ill-defined, non-vola- 
tile bodies, which have been termed Capsicol, Capsaicin, Cap&idn, etc., but 
of which little or nothing is known accurately. As it has no volatile oil, it 
differs entirely from the other members of the series, but it acts similarly in 
the stomach, and is used frequently as an irritating carminative. 

Ginger might also be included here, as it owes its pungency in part to the 
presence of a resin along with the volatile oil. 

The volatile oils derived from the Cruciferm differ from the others in con- 
taining sulphur, and in possessing a much more irritating action. Thus the 
volatile oil of mustard might be treated of along with the peppers rather 
than with the other volatile carminatives, but mustard is used in medicine 
only as a skin irritant, and will be taken up in that connection (see page 89). 
The horseradish (Arinoracia, B. P.) and the formerly official scurvy- grass 
(Oochlearia officinalis) are used as carminatives, and owe their activity to 
their containing similar or identical sulphur compounds. 

These drugs differ from the volatile oils only in being more irritant when 
applied to the skin and alimentary canal. The absorption of large quanti- 
ties has led to inflammation of the kidney in some instances. 

Pepper and capsicum are largely used as condiments, and are compara- 
tively seldom prescribed in therapeutics. Both are used in domestic medi- 
cine as skin irritants, and capsicum is prescribed where a strong stomachic 
irritant is required. The tincture has been employed in chronic alcoholism 
in order to provide a substitute for the local irritant effects of spirits in the 
stomach. Ginger preparations are added to other remedies as flavoring 
agents, the Syrup being generally used, and they are also among the best of 
the cai;minative8. The lozenges are prescribed in chronic inflammatory con- 
ditions of the pharynx and larynx. Pyrethrum is rarely employed. Piper- 
ine has been advised in malaria as a. substitute for, or adjuvant to quinine, 
but has fallen into disuse. Pepper has been administered internally as a 
gepito-urinary disinfectant and stimulant. 

Preparations. 

Piper (U, S. P.), Piper Nigrum (B. P.), black pepper, the unripe fruit of 
Piper Nigrum. 

Oleoredna Piperia (U. S. P.), 0.03-0.1 c.c. (J-2 mins.). 

Piperinum (U. S. P.), 0.1-0.5 G. (2-3 grs.). 

ConfecUo Piperia (B. P.V 60-120 gra. 

Pyrethrum (U. S. P.), Pyrethri Radix (B. P.), pellitory, the root of Ana- 
cyclus Pyrethum. 

..Tiwslura Pyrethri (U. S. P,, B. P.), 
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Zingiber (U. S. P., B. P.), ginger, the rhizome of Zingiber officinale. 

Syrupm Zingiberis (U. S. P., B. P.), 4-8 c.c. (1-2 fl. drs.). 

'hmitura ZUngiberis (U. S. P., B. P.), 2-4 c.c. (i-1 fl. dr.). 

Extractum Zingiheru Fluidum (U. S. P.), 0.5-1 c.c. (5-16 mins.). 

Oleoresina Zingiheru (U. S. P.), 0.05-0.1 c.c. (1-2 mins.). 

Cwsioum, Cayenne pepper, chillies, the Omit of Capsicum fastigiatum 
(U. ^ P.); Gapsici Fruotus, the dried fruit of Capsicum minimum (B. P.). 

Tinctura XJapeici (U. S. P., B. P.), 1-2 c. c. (15-30 mins.). 

Oleoresina Capsid (U. S.-P.), 0.01-0.05 c.c. (i-l min.). 

FluidextrdLctum Capsid (U. S. P.), 0.03-0.1 c.c. (J-2 mins.). 

Emplaatrum Capsid (U. S. P.). 

Unguentum Capsid (B. P.). 

Armoracim Radix (B. P.), horseradish root, the fresh root of Cochlearia 
Armoracia. 

Spiritus Armoradse Compositus (B. P.), 1-2 fl. drs. (See p. 68.) 

Piper Methisticum, or Kava Kava, is used in the South Sea Islands to 
prepare an intoxicating liquor, which according to Kesteven, differs from 
the alcoholic preparations in producing marked muscular weakness without 
affecting the mental powers. Other observers state, however, that it causes 
confusion and sleep very much as alcohol does. Its local action resembles 
that of pepper, and like it, it has been advised in gonorrhoea. Its virtues 
seem to reside in two resinous bodies. 
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3. Malodorous Volatile Oils. 

Some of the volatile oils differ from the others in possessing an; odor 
which is disagreeable and nauseating to most people, although not to 
all. The best known of these are the Oils of Asafmtida and Valedan. 
'The former occurs along with resins and gums exuding from some 
species of Ferula, and contains several organic sulphur compounds, to 
which it owes its odor. Oil of Valerian, ‘ from Valeriana officinalis, 
is almost without odor when freshly distilled, but when kept for some 
time and exposed to the air, it assumes a somewhat unpleasant, pene- 
trating odor. It contains two terpenos, borneo-camphor, and numer- 
ous esters of formic, acetic and valerianic acid. While both of these 
oils are generally regarded as possessing very unpleasant odors, asa- 
feetida is used in India as a condiment, and valerian was formerly used 
•in England as a perfume. Another species of Ferula which is in- 
cluded in the pharmacopoeias, but of which little is knCwn, is Bwmbvl^ 
the root of Ferula Sumbul. It has a strong musk-like odor, and is 
sometimes used to adulterate musk. 

Asafoetida and valerian are used in hysterical affections, and the 
benefits accruing from their administration have generally been at- 
tributed to the mental impression produced by their unpleasant odor 
and taste, and not to any action they produce after absorption, 

^ Sikorska^ Tb^e de Geneve, 1899. 
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But Kiouka^ states that valerian^ in small doses, has a definite 
stimulating action on the psychical functions and the circulation, and 
that this is due to tine presence of certain valerianic esters in the oil. 
Some artificial compounds ( Valyl) possessing similar properties have 
also been formed. The ordinaiy valerianic salts have no further 
effects than other salts of the acetic acid series, so that it is quite irra- 
tional to use such bodies as valerianate of quinine for their action in 
hysteria. 

Asafoetida is also used like the other volatile oils as a carminative 
and as an expectorant, and the emulsion is given by the mouth or in 
an enema to relieve abdominal distention. 

Preparations. 

Asafoetida (U. S. P.), a mixture of volatile oil, gum, and resin from Ferula 
foetida. 

Emulsum AsafcRtidx, 15-30 c.c. (J-1 fl. oz.). 

PilulsB AsafcRtidsEj 1-3 pills. 

T^nctura AsqfoftHdcPj 1-2 c.c. (15-30 mins.). 

Asafetida (B. P.), a gum-resin obtained from the root of Ferula foetida and 
probably other species. 

Tinctura AmfetidcB^ J-1 fl. dr. 

Pilula Aloes et Asafetidoe^ 4-8 grs. 

Pilula Galbani Cmwposita^ 4-8 grs. 

Spiritu8 Anmonim Fetidus, 20-40 mins, for repeated administration ; for a 
single administration 60-90 mins. 

Valeriana (U. S. P.h Valerianae Radix (B. P,), valerian, the rhizome and 
roots of Valeriana officinalis. 

Fluidextr actum Valerianm (IT. S. P.), 2-4 c.c. (J-l fl. dr.). 

Timinra ValeriancB (U. S. P.), 5-10 c.c. (1-3 fl. drs.). 

Tinctura Valermim Ammoniata (U. S. P.), 5-10 c.c. (1-3 fl. drs.). 

Timtura Valerianm Ammmiata (B. P.), J-1 fl. dr, 

Sumbul (U. S. P.), Sumbul Radix (B. P.), the root of Ferula Sumbul. 

Extractum Sumbul (U. S. P. ), 0.25 G. (4 grs.). 

Muidextractum Sumbul (U. S. P.), 2 c.c. (30 mins.). 

Timtura Sumbul (B. P.), J-1 fl. dr. 

4. Volatile Oils Used as Genito-urinary Disinfectants. 

Another group of volatile oils is used chiefly for genito-urinary dis- 
infection. The best known of these are the Oiln of Copaiba, Cubebs aifid 
Sandalwood, which resemble each other closely in character. Oil of 
cubebs and oil of copaiba contain a large proportion of sesquiterpene 
(CjgHg^), and the oil of sandalwood has two oxidized substances (san- 
tolol and santalal), which can be reduced to a sesquiterpene identical 
with that of copaiba. In copaiba the volatile oil is associated with* 
one or more resinous acids, and in cubebs there is in addition to resi- 
nous acids a bitter substance, Ouhebin, which is not absorbed from the 
stomach and bowel, however, and is entirely inactive. Cubebs and 
copaiba have long been used as genito-urinary disinfectants, while 
sandalwood oil is a more recent addition to the group, whijph is less 

* Ar. h. Internat. de Pharmacodyn., xiii., p. 215. 
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disagreeable to take and has less tendency to disturb the digestion.^ 
The oils have the ordinary effects on the skin, stomach and intestine, 
. are absorbed, and are excreted partly by the lijngs, but chiefly by the 
kidneys in combination with glycuronic acid ; some oil is unchanged, 
some is partially oxidized in the tissues. 

The products of the oils excreted in the urine appear to have some 
antiseptic action, for the urine of persons treated with them putrefies 
more slowly than ordinary urine and the growth of many of the more 
common germs is somewhat retarded by it. On the other hand there 
seems some question as to how far it is destructive to the gonococcus, 
which sometimes grows readily in culture media made up with such 
urine instead of water. Winternitz therefore attributes the undoubted 
therapeutic efficacy of these oils to their lessening the inflammatory 
exudate rather than to their antiseptic action, without denying that the 
latter may also be of some importance. In large quantities, these 
oils cause irritation in the bladder and urethra, which leads to a con- 
, stant desire to micturate, and to much pain and difficulty in doing so ; 
sometimes the pain is so great as to lead to complete retention. When 
the urethra or bladder is in a state of inflammation, these symptoms 
are produced by even small doses, so that these oils are generally 
avoided in the acute stages of inflammation, and only given later when 
the disease has passed into the subacute or chronic stage. They are 
used in some inflammatory affections of the bladder, but much more 
extensively in gonorrhoea. 

Copaiba and cubebs both contain resinous acids in addition to the 
volatile oil, and these possess considerable diuretic powers, and are 
also credited, along with the oils, with some action on the bronchial 
raucous membrane, so that they often form constituents of “ expec- 
torant” mixtures, prescribed to lessen the secretion of the bronchi. 
These resins are excreted in the urine, and are precipitated by the ad- 
dition of acids ; when the nitric acid tests for albumin are employed 
after copaiba, a precipitate is accordingly obtained, and may be mis- 
taken for albumin, but can easily be distinguished from it by the addi- 
tion of alcohol, which redissolves the resin but not the proteid. The 
urine is often found to reduce Fehling’s solution, in some cases ap- 
parently from the presence of sugar, in others from the glycuronic acid 
combined with the oil. The oil of sandalwood is excreted more 
rapidly than the others. Copaiba and cubebs are less irritant to the 
stomach than many of the other volatile oils, but after tlieir prolonged 
• administration (especially in the case of copaiba) symptoms of gastric 
disturbance sometimes appear in loss of appetite and uneasiness in the 
stomach. Sandalwood oil is said to be less irritant than the others. 
Occasionally skin eruptions occur after the use of these oils ; they are 
generally of the nature of urticaria, sometimes of erythema nodosum, 
and only very rarely is eczema seen. The cause of these skin erup- 
tions is unknown, but they may be due to the gastric disturbance. 

^ The ideal genito-nrinarv disinfectant of this series ought to be well borne by the 
stomach and bowel, and ought to be excreted mainly by the kidneys in a fairly strong 
combination with glycuronic acid, as, if the latter is easily split off in the urine, it is 
liable tp act as a culture medium for bacteria. ' (Schmiedeberg. ) 
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Prepaeations. 

Copaiba (U. S. P., B. P.), Balsam of Copaiba, Copaiva, the oleoresin of 
Copaiba Langsdorffii and of other species of Copaifera. Dose, 0.6— 1.3 c.c. 
(10-20 mins.); B. P., ^-1 fl. dr. 

Oleum Copaib je (U. S. P., B. P. ), the oil freed from the resin by distilla- 
tion, 0.5-1 C.C. (10-15 mins.). 

Cubeba (U. S. P.), Cubebss Fructns (B. P.), Cubebs, the unripe fruit of 
Piper Cubeba, 2-8 G. (30-120 grs.) in powder. 

Fluidextractum Cubchm (U. S. P.), 0.5-2 c.c. (10-30 mins.). 

Oleoresina Cubeba (U. S. P.), 0.5-1 c.c. (10-15 mins.). 

Tinctura Ciibebm {B. P.), 4-8 c.c. (1-2 ft drs.). 

Oleum Cubebas (U. S. P., B. P.), 0.5-1 c c. (10-16 mins.). 

Trochisd Cubebse (U S. P.). 

Oleum Santali (U. S. P., B. P.), Sandalwood oil, distilled from the wood 
of Santalum Album. Dose, 0.5-1 c.c. (10-15 mins.). 

Therapeutic Uses. — As has been mentioned, these drugs find their 
most extensive application in the subacute stages of cystitis and gonor- 
rhoea,^ They are also used in bronchial disease with an excessive flow 
of mucopurulent secretion ; less often copaiba is prescribed along with 
other diuretics to promote the secretion of urine. The cubeb lozenges 
are sucked in hoarseness and relaxed sore throat, and often give relief 
owing to the pungent stimulating action. 

In gonorrhoea the therapeutic agent is undoubtedly the volatile oil, 
the resin having little or no antiseptic action. The oils and the oleo- 
resins are often administered in capsules, as they have an unpleasant 
odor and taste, especially those of copaiba. They may , also be given as 
emulsions, and cubebs is sometimes prescribed as a powder suspended 
in mucilage. 

Several other oils have been used as substitutes for Copaiba and Cubebs. 
Among these may be mentioned Gurjun Balsam, which is obtained from 
Dipterocarpus alatus, and contains a sesquiterpene and a resin. It has been 
used in gonorrhoea and as a local application in leprosy. 

Matico, the dried tops of Piper angustifolium, which contains a volatile 
oil, resin and acid, has also been used in gonorrhoea to some extent. 

Its pharmacopoeial preparation is 

Mui^xtraeJum Matico (U. S. P.), 1-3 c.c. (15-45 mins;) 

Bibliography. 
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^ Other remedies which have some reputation in these gonditions are ur6tropin and ' 
the salicylic compounds, . ■ 
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6. Uva Ursi (Arbutin). 

A number of drugs which are used for almost the same purposes as the 
cubebs series, but which do not all owe their activity to volatile oils, may 
be mentioned here. 

Uva Ursi, — ^The leaves of the bearberry, Arctostaphylos XJva-Ursi, and of 
allied, plants contain two glucosides, Arbutin and Methylarbutin^ along with 
large quantities of tannin, an inactive glucoside, Ericolin, and a neutral in-- 
soluble body, Ursm, Tliese glucosides are decomposed by the action of 
acids or of emulsin into glucose and hydroquinone or methylhydroquinone, 
bodies of the benzol series. A part of the arbutin administered in thera- 
peutics seems to undergo this decomposition in the body, but most of it is 
eliminated by the kidneys unchanged. It is possible that the small quantity 
of hydroquinone and methylhydroquinone which appears in the urine is 
formed from arbutin by the bacteria of the intestine, and not by the activity 
of the tissues. . 

Uva ursi is found to have some diuretic action, which is obviously due to 
its acting on the renal epithelium, and the urine is found to undergo 
putrefaction much more slowly than usual. This was at one time believed 
to be due to tbe formation of hydroquinone, but it seems more likely that 
arbutin itself is a slight stimulant to the renal cells, and that it is also 
weakly antiseptic. It is still undecided how far the other constituents of 
uva ursi are active, but there is little doubt that tlie arbutin and methyl- 
arbutin are the chief principles. 

The urine is often dark in color after uva ursi or arbutin, and this tint 
deepens when it is allowed to stand and undergo, putrefaction. The color- 
ation is due to the hydroquinone, which is subject to further oxidation, and 
forms brownish-green pigments similar to those seen in the urine after 
carbolic acid and its allies. When decomposition of the urine occurs in the 
bladder, as in cystitis, the urine may have this dark color when passed. In 
these cases probably less of the arbutin escapes uudeeomposed, but this has 
not been demonstrated. 

Large quantities of uva ursi cause nausea, vomiting and diarrhoea, but 
Lewin states that this disturbance of the alimentary canal may be avoided 
by filtering the. watery preparations through animal charcoal, or by admin- 
istering the glucosides instead of the cruder preparations. 

Buchu, the leaves of several species of Barosma, contain a volatile oil, 
one constituent of which is a camphor body, DioapkenoL This volatile oil 
is absorbed and is excreted by the kidneys, and renders the urine slightly 
antiseptic. It does not increase the renal activity appreciably. 

Fichi, the twigs of Fabiana imbricata, contains a resinous acid, a gluco- 
side and traces of an alkaloid, none of which have been satisfactorily exam- 
ined. It has been found of benefit in the same conditions as Buchu and 
Uva Ursi. 

Zea, or cornsilk, contains a resinous acid which increases the secretion of 
urine by direct stimulation of the renal epithelium. 

Ohimaphila, or pipsissewa, contains a volatile substance, ChimapMlin^ and 
arbutin, and is used as a substitute for Uva ursi. 

Pkeparations. 

Uva Ursi (U. S. P.), Uvae Ursi Folia (B. P,), the leaves of Arctostaphylos 
Uva-ursi (bearberry). 

FluidextrcLctum Uvea Urd (U. S. P.), 5-15 c.c. (1-4 fl. drs.). 

Infumm Uvee Urd (B. P.), J-1 fl. oz. 

Bnohu (U. S. P.), Buchu Folia (B. P.), the leaves of Barosma betulina and 
B. crenulata. 

FluidextroLctum Buchu (U. S. P.), 2-4 c.c. (30-60 mins.). 
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2?»ci!ttfa (B. P.), J-1 fl. dr. 

I^fumm Buehu (B; P. ), 1-2 fl. oz. 

Zea (U. S. P.) ;■ cornsilk, the styles and stigmas of Zea Mays (Indian com or 
maize). 

ExtrcLctum Zem Fluidmi{^, S. P.), 5-10 c.c. (1-2 fl. drs.). 

Chimaphila (U. S. P.), Pipsissewa, the leaves of Chimaphila umbellata. 

Fhiidextraotnm Chimaphiloi (U. S. P.), 2-5 c.c. (J-1 fl. dr.). 

Fabiana (Pichil, the branches of Fabiana imbricata (not pharmacopoeial). 

Fluidextractum Fabianw, 4 c.c. (1 fl. dr.) 

Arbutin has been advised as an improvement on the crude Uva ursi. It 
is given in doses of 1-4 G. , in sweetened solution. 

Therapeutic Uses. — These drugs are all used as mild disinfectants of the 
urinaiy tract, and are generally prescribed along with more powerful 
diuretics. They are found to give relief in catarrh and inflammation of the 
bladder. 

Bibliography of Uva Ursi. 

Lemn. Virchow’s Archiv, xcii.,p. 521. 

Paschkis. Wiener Med. Presse, 1884, p. 398. 

KunkeL Miinch. ined. Woch., 1886, p. 891. 


VI. SKIN IRRITANTS AND COUNTER-IRRITATION. 

The practice of applying irritants to the skin in internal diseases is 
one of great antiquity. The theories on which this therapeutic method 
is based have changed with the advance of medical knowledge, until, 
no explanation satisfactory to modern scepticism being forthcoming, 
the use of these remedies has fallen into a certain disrepute in the 
last few years. The old theory of revulsion or derivation was at first 
based on the belief that disease was a malignant entity or humor, 
which might be drawn from the deeper organs to the surface by means 
of irritation of the skin. Later, it was supposed that the congestion 
of the diseased organs might be relieved by the withdrawal of fluid to 
the skin, and this belief has been held in more or less modified forms 
in quite modern times. In addition, it was recognized very early that 
irritation of tlie skin relieved pain in many instances. The means by 
which the skin irritation was attained, were extremely numerous and 
varied ; large numbers of drugs have been used, and in addition me- 
chanical devices of all kinds were employed, such as burning, electri- 
cal currents, or the introduction of setons. In many of these the idea 
of irritation was combined wdth that of leaving a way of escape for 
humors. This latter is only of historical interest, but the practice of 
relieving internal organs by external irritation or counter-irritation per- 
sists still, and perhaps merits more attention than it receives at the 
hands of many physicians. • 

The effects*of an irritant applied to the skin are local and remote. 
The first symptoms of irritation are congestion and redness of the 
part, and many drugs which produce only this degree of irritation in 
ordinary circumstances, are known as Rvbefacienta. Stronger irritants 
cause blistering, and are called VeskantSy while some dwigs which 
cause irritation and small discrete suppurations, receive the name of 
Pustulant^. 
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Local Symptoms. — The application of an irritant to the skin causes 
a feeling of warmth, and often of itching, which may later become 
intensified into actual pain. The skin becomes red, congested, warm, 
and at first is more sensitive to touch and painful stimuli, though the 
sensitiveness is afterwards lessened. This condition persists for a 
longer or shorter time according to the nature of the irritant, and then 
passes ofiF slowly. Very often desquamation follows, if the rubefacient 
has acted for some length of time. Stronger irritation is follovred at 
first by the same results, but soon small globules of fluid apjjear below 
the epidermis, and these coalesce so as to form a large accumulation 
of fluid, which raises the epidermis completely off the true skin, form- 
ing a blister. If the irritant be removed, the fluid of the blister un- 
dergoes a slow absorption, so that in the course of a few days the epi- 
dermis forms an empty sack, which, however, is not obliterated by the 
adhesion of the walls. If the blister be opened, the sensitive dermis 
is exposed, and the secretion of fluid continues for some time, until a 
new epidermis has been formed. 

The distinct and separate points of inflammation caused by the 
pustulants are due to their affecting the orifices of the skin glands and 
not the intervening tissue. This has been ascribed in some instances 
to the drug being rendered irritant at these points by the presence of 
acids formed by the* decomposition of the sebum and perspiration 5 a 
simpler explanation is that the pustulants cannot pass through the 
horny epidermis, but act as irritants wherever they come in contact 
with living tissue, that is, at the orifices of the glands. They cause 
the same sensation of warmth and prickling of the skin as the other 
irritants, but even in the earlier stages of their action small, dark-red, 
raised points are observed, exactly as in some of the exanthemata, and 
these afterwards form small abscesses. If the application be persisted 
in, these discrete abscesses may burst through the intervening tissues 
and become confluent, and large abscesses have thus been formed in 
the skin. When the irritant is removed before the formation of pus, 
the inflammation of the ducts slowly subsides and the epidermis peels 
off as after the milder irritants. Pustulants are seldom employed at 
the present time ; croton oil applied vigorously may induce pustula- 
tion, and tartar emetic was formerly largely used for this purpose. 

The local effects of the rubefacients and vesicants are identical with 
those of acute inflammation. The pain and discomfort are due to the 
action on the nerve terminations, while the redness and swelling be- 
tray the local dilatation of the vessels. This latter is perhaps due to 
the direct effect of the irritant on the vessel walls, rather than to any 
reflex action from the irritation of the sensory nerves, T^ut it cannot be 
said to be known how far this latter agency is involved in the result. 
The dilatation of the vessels and the slowing of the blood current in 
them lead to the transudation of fluid and leucocytes into the tissues, 
especially at the points where the irritation is greatest, and the accu- 
mulation eventually pushes off the horny epidermal layer from the 
living layers and forms a blister. The fluid in the blister has been 



80 omAmc svB8TA]^cm 

shown to contain some of the irritant, which diffuses into it through 
the epidermis. The oedema and swelling is not confined to the skin, 
but extends into the subcutaneous tissue and the more superficial layers 
of muscle. 

If the irritation be continued long enough, suppuration may com- 
mence in the blister and lead to deep erosion of the tissues. 

Semote Action. — Local irritation cannot exist without causing cer- 
tain general changes which affect the whole organism. These arise 
from the refiex stimulation of various centres in the medulla oblongata, 
and are thought to explain many of the beneficial effects of counter- 
, irritation. The centres involved are those regulating the heart, the 
tone of the vessels, and the respiration. Moderate irritation of the 
skin causes an acceleration of the heart-rhythm, which has not been 
satisfactorily explained, while more powerful irritation slows the heart 
througli the inhibitory centre. The blood-pressure measured in the 
arteries is considerably increased by ordinary irritation of the skin, 
but if it be very severe or widespread, the slowness of the pulse may 
cause a fall of tension. This increase in the blood-pressure is due to 
the reflex stimulation of the vasomotor centre, which causes a constric- 
tion of the arterioles over wide areas of the body. The constriction 
is not general^ however, but seems to affect the abdominal organs 
chiefly, while the vessels of the limbs and probably those of the skin 
are not contracted. The result is that while the blood-pressure is 
raised equally throughout the body, the resistance to the circulation is 
greater in the abdominal organs than in the rest of the body, and more 
blood is accordingly supplied to the muscles and skin and less to the 
internal organs than normally. 

The effects of skin irritation on the respiration are less uniform. In 
the rabbit the breathing is sometimes aca^Ierated, sometimes slowed by 
mild stimulation, while stronger stimuli seem to slow^ it always. The 
. effect of the application of skin irritants on the respiration in man has 
not been observed accurately, but that sudden stimulation of the skin 
causes gasping and irregularity of the respiration, may l)e observed 
whenever cold water comes in contact with the more sensitive parts of 
the body. 

The temperature of the body also undergoes changes when the skin 
is irritated. When the irritation is slight, an increase in the rectal 
temperature is often observed at first, while a decrease follows later, 
but on powerful stimulation, the preliminary rise of temperature is so * 
short as to escape observation by ordinary methods, while the subse- 
quent fall is more distinct and prolonged. The skin temperature is 
raised at the same time as the internal temperature falls. The expla- 
nation of these changes in the internal and external temperatures is 
obviously the altered distribution of the blood, more of which 
flows through the skin vessels and is cooled than usual. TKis results 
in a fall of the internal teniperature and a rise in that of the skin, 
through the warm blood from the interior of the body pouring through 
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the superficial vessels. The preliminary rise in the temperature has 
not been explained. The whole subject of the alteration of the tem- 
perature through counter-irritation has perhaps received greater atten- 
tion than it deserves, if the observations of Jacobson be correct, for 
he found the variations in man to amount to less than one-tenth of a 
degree Centigrade as a general rule. 

The metabolism has been found to be altered by the application of 
irritants to the skin, and, although in the experiments on which this 
statement is based, the surface exposed to the irritant was larger than 
that affected in therapeutics, it seems probable that some change is pro- 
duced by the ordinary agents also. Zuntz and Rohrig found that bath- 
ing animals in strong salt solution increased the oxygen absorbed and 
the^carbonic acid excreted much more than bathing in ordinary water, 
and Paalzow obtained the same result from the application of mustard 
plaster. The nitrogen of the urine is also said to be increased. This 
increase in the oxidation of the tissues is of the same nature as that pro- 
duced by cold, and is due to an augmentation of the muscular activity, 
which, however, is too slight to cause any perceptible movement. 

Irritation of the skin induces leiicocytosis in the same way as irrita- 
tion of the alimentary canal. This is especially evident after the 
application of a vesicant such as cantharides plaster, while rubefaction 
seems to have less effect. The injection of irritants into the siibcutane-. 
ous tissues induces a leucocytosis similar to that following can- 
■ tharides. 

Lastly, in considering the effects of skin irritation on the general 
vitality, it may be mentioned that a sudden application may awake the 
consciousness, as is seen in the effects of dashing cold water on the 
chest, or of striking the hands in narcotic poisoning. Another example 
is seen in the improved mental condition so often observed in fever 
patients treated with cold baths. This improvement is due to the 
changes in the skin, and not, as is often said, to the fall in temperature, 
for the latter is often insignificant. 

All of these effects are produced by irritation at any point .of the 
surface, and are quite insufficient to explain the practical use of counter- 
irritants to affect a particular organ. For example, in gastric disor- 
ders a counter-irritant is often applied just over the cnsiform cartilage, 
while in facial neuralgia a blister behind the ear often gives relief. If 
the beneficial results were due to the general alteration of the circula- 
tion, respiration, or temperature, there would be no reason to vary the 
“point of application, for the effect would not vary. Zuelzer, there- 
fore, attempted to ascertain whether the deeper tissues and the internal 
organs were affected by superficial irritation over them, and found 
that when cantharides was applied to one side of a rabbit’s back 
for fourteen days, the superficial muscles under it were congested, 
while thq deeper layers and the lung were ansBmic. when compared 
with the corresponding parts on the other side. His treatment, how- 
ever, led to necrosis and suppuration, so that his conclusions are not 
unimpeachable. Lazarus-Barlow and Philipps observed recently that 
6 
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the muscles on the same side as, but at some distance from a blister, 
were of higher specific gravity than those on the uninjured side, while 
those immediately below the blister were of lower specific gravity, and 
therefore concluded that fluid was drawn from the deeper muscles to 
supply the superficial ones. This, however, evidently requires that 
the internal organs to be affected must be not only contiguous, but 
also continuous with those directly affected, and offers no explanation 
of the alleged effects of irritation of the skin upon the stomach or 
lungs. Much light has been thrown on the subject by the researches 
of Head, who found that in many c^ses internal disease is accom- 
panied by a tenderness of the skin, and mapped out with care the skin 
areas corresponding to each organ. In this way he was able to show 
that a distinct relation exists between irritation of an internal organ 
and that part of the skin which is supplied by the same segment of 
the spinal cord or brain. Thus in painful diseases of the stomach, ten- 
derness is often complained of in the skin of the epigastrium, while in 
oesophageal stricture, pain is often referred to a point near the angle of 
the scapula and to another in the neighborhood of the apex-beat. 
The superficial points arc, of course, only connected with the diseased 
organ by means of nerve-fibres, but Head’s observations show that a 
nervous impulse from these organs docs not pass in an indeterminate 
manner through the central nervous system, but has a distinct tendency 
to affect the superficial areas which are supplied with sensory nerves 
from the same segment of the cord. It would, therefore, seem a plaus- 
ible theory that an affection of these su])erficial areas may affect the 
corresponding internal organ more than the rest of the body, and this 
is exactly what is required to explain the benefits derived from the use 
of counter-irritants. It is especially noticeable that several of the 
points which Head observed to be affected by internal disease are 
precisely those points at which experience has shown irritation to 
be most beneficial. (Fig. 1 ,) Thus the application of a blister over 
the epigastrium has long been recognized as a means of relieving gas- 
tric disorders. Similarly the old treatment of iritis by means of a 
blister on the temple may be justified by the fact that Head found 
areas of tenderness on the temple accompanying this disease. 

The exact nature of the effects of counter-irritation on the internal 
organs has not been ascertained, but it would seem most probabfe that 
an alteration in the calibre of the vessels and in the sensory nerves or 
their terminations is induced. These alterations may, however, pro- 
duce or be accompanied by a distinct alteration in the activity of the* 
organs; for e:5fample, there seems good reason to believe that in many 
cases irritants applied to the abdomen produce evacuation of the bowels. 

Besides these physiological effects of counter-irritation, it must not 
be forgotten that a great impression is produced on the patient, and 
that some of the benefit may be due to hypnotic suggestion.^ 

Therapeutic Uses. — Local irritants arc applied occasionally to pro- 
duce an alteration in the nutrition and blood supply of the skin itself 
and of the subcutaneous tissues. Thus in some chronic inflammatory 
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conditions, with effusions into, or indurations of the subcutaneous tis- 
sues, the improvement of the circulation produced by slight irritation 

Fig. 1. 



The right side is divided into segments which correspond to some of the skin areas in which Hoad 
found tenderness in internal diseases. 1. Area of tenderness in disease of tlie lungs. 2. In diseases 
of the stomach. 3. In ovarian disease. 4. In disea.se of the Fallopian tubes and other anpenduges. 
On the left side are represented the points of application of counter-irritants in disease of the lungs 
of the stomach {£), of the ovary (C), and of the uterine appendages (/>). 

may be of benefit. An example of this is tlie treatment of ulcers of 
old standing with irritants. Another case in which a slight inflamma- 
tory attack causes very obvious improvement, is in corneal opacity, 
which may be removed entirely in some cases by the acute inflam- 
matory reaction produced by such irritants as abrin. Probably a 
similar effect is produced on subcutaneous effusions, as in bruises. 
Some interesting experiments on this subject have recently been per- 
formed by Weehsberg, who induced suppuration in both hind legs of 
rabbits by the injection of irritants and then treated tl\p one leg by the 
application of various irritants to the skin, while the other was left 
untreated as a control. He invariably found the abscess of the leg 
subjected to treatment less extensive and showing a greater tendency 
to heal than the other, and accounts for this by the oedema induced by 
the skin* irritant diluting the original irritant and promoting its 
absorption. The increas^ blood supply leads to a larger number of 
leucocytes and more alexines around the inflammation than would 
otherwise be present. He found tliat the absorption of pigments from 
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the rabbit’s ear was much accelerated by the application of irritants to , 
the skin over the part, and cites this as evidence that toxines are 
removed more rapidly under similar treatment. For these purposes 
only the milder irritants are required ; in fact> vesication may do more 
harm than good. Mild irritation alters the sensitiveness of the sen- 
sory organs of the skin, and heat is often applied to alleviate pain and 
discomfort in the skin itself. In other instances pain is increased by 
heat, and, in fact, it is sometimes applied in the treatment of local 
aiiiesthesia, with the object of rendering the surface more sensitive. 
In many forms of skin disease, mild irritants are found to be of bene- 
fit; this is sometimes attributed to their antiseptic action, but the 
slight irritation is undoubtedly of some importance. 

Counter-irritants are used in a large number of diseases, often with- 
out any definite idea of what precise effects they will elicit, but merely 
because they have been found to give relief in similar conditions. As a 
general rule they are placed over the affected organ, and this corre- 
sponds fairly in most cases of disease of the trunk with Head’s area of 
skin tenderness. In the head, however, the segmental arrangement 
has been rendered very irregular by the compression in development, 
and counter-irritants are often found to be most effective when placed 
at some distance from the seat of pain, e. g.^ behind the ear in some 
forms of facial neuralgia. They are used in acute inflammation of the 
lungs and pleura, in gastric disorders accomj)anied by much pain, in 
colic and in neuralgia and neuritis. Their action is very uncertain, but 
their application is often followed by great relief, more especially of 
pain. They are also used occasionally in shock or collapse, not for 
their effect on any individual organ, but to elicit the reflex alterations 
in the circulation which have already been described. A blister is 
often recommended in internal haemorrhage, and may very possibly 
lessen the bleeding by altering the distribution of the blood in the 
organs, although it is difficult to estimate how far the improvement is 
due to the remedy and how far it is spontaneous. In order to produce 
any marked effect on internal organs, the more powerful irritants must 
be used, such as mustard or cantharides. It is not necessary, however, 
to produce actual vesication in the great majority of oases. Formerly 
blisters were opened and fresh irritants applied on the raw surface in 
order to prolong the effects, but this treatment was extremely painful, 
besides being liable to set up suppuration and ulceration, and it is 
very questionable whether any equivalent benefit followed. 

Counter-irritation must be applied only with the greatest caution in ‘ 
weak, badly notirished, or very old persons, as it may cause sloughing. 
In diabetes, the tendency to gangrene contraindicates blistering, and 
in very young children only mild irritants are used. 
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Riegd. Ibid., iv., p. 350. 

Mantegaaza. Schmidt’s Jahrb., cxxxiii., p. 153. 

Jacobson. Virchow’s Arch., Ixvii., p. 166. 

Head. Brain, xvi., p. 1 ;• xvii., p. 339. 

Schuller. Berl. klin. Woch., 1874, p. 294. 

Wintemitz. Arch. f. exp. Path, und Pharm., xxxv., p. 77 ; xxxvi., p. 212. 

Wessdey.. Centralbl. f. Chiriir., xxx., No. 36. 

Hay. Saline Cathartics, pp. 128-144. 

Bimhnerf Fucks, MegeU. Arch. f. Hygiene, xl., p. 347. 

Wechshe/ig. Ztschr. f. klin. Med., xxxvii., p. 360. 

An enormous number of drugs produce irritation of the skin, and 
it would be idle to attempt to enumerate them here. In many in- 
stances, however, the irritant action is insignificant in comparison with 
the other eflfects produced, and these will, therefore, be discussed else- 
w'here; among these are found some of the alkaloids, the acids and 
alkalies, and many other inorganic preparations. Irritation of the skin 
may also be produced by heat and cold, and in fact burning in various 
forms was formerly used as a means of counter-irritation. Heat is 
still employed to cause irritation of the skin and subcutaneous tissues, 
and to promote their circulation. Thus, poultices and liot water com- 
presses are beneficial in many local inflammations, though the same 
effects may generally be obtained by the use of the milder irritants. 
The effect of cold on the skin is more frequently demonstrated by 
bathing, and will be touched on in relation to the antipyrine series. 

Apart from those drugs in which the irritation of the skin is merely 
an incident in a wider general action, there are a number of prepara- 
tions which are used almost exclusively for this purpose. They may 
be divided into three classes; the volatile irritants, such as turpentine 
oil; the mustard series, some of which are also volatile; and those 
which are either non-volatile or only boil at high temperatures, such 
as cantharidin. 

I. The Turpentine Oil Group. 

Under the volatile irritants may be included a large number of the 
ethereal oils and many members of the methane and of the aromatic 
series; but among the ethereal oils those which possess a low boiling 
point, that is, those which contain a large proportion of terpene, with 
comparatively little oxygen, are found to possess a more penetrating 
action than the others. At the same time, the taste and odor of these 
oils is often less pleasant than that of the others, so that they are less 
used as flavors and carminatives. The oils derived from the Coni- 
fersD have, for this reason, been more largely used than the others for 
their effect on the skin, although several other volatile preparations are 
recognized by the pharmacopoeia for this purpose. The action of these 
oils is similar in other respects to that of the general group (see p. 61 ), 

( so that it need not be discussed here. 

Pbeparations. 

TerebintMiia, turpentine (U. S. P.), Thus Americahum, Frankincense 
(B. P.), a concrete oleoresin obtained from Pinus palustris and other species 
of Pinus. 
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Terebinthina Canadensis (U. S. P., B. P.), Canada balsam, a liquid oleo- 
resin obtained from Abies balsainea. 

Pix Burgundica, Burgundy Pitch (B. P.), an oleoresin derived from Abies 
excelsa, Norway spruce fir, contains less volatile oil than turpentine. 

Oleum Tekebinthin^ (U. S. P., B. P.), oil of turpentine, a volatile oil 
distilled from turpentine. 

Oleum TerebinthincR ReettficMum (IT. S. P.), is formed from ordinary oil of 
turpentine by redistillation with lime water, in order to remove any acids and 
resin which may be contained in it. It consists of a mixture of terpenes 
(CjjjHjg). Dose, 1 c.c. (15 mins.); as an anthelmintic, 8-15 c.c. (2-4 fl. drs. ). 

. Emukum Old Terebinthinm (U. S. P.), 4 c.c. (1 fl. dr.). 

Linimtntum Terebinthinm (U. S. P., B. P.). 

Linvmentum Terebinthinm Aeetieum (B. P.), is formed by mixing turpentine, 
glacial acetic acid and camphor liniment. 

Emplastrum Picis (B. P.), pitch plaster. 

Oleum Pini (B. P.), the oil distilled from the fresh leaves of Pinus pumilis. 

Terebenum (U. S. P., B. P.), a liquid formed from oil of turpentine by the 
action of sulphuric acid. It consists of a number of terpenes, one of which 
is the pure substance known as terebene. Its odor is more pleasant than 
that of turpentine oil, which it closely resembles in most other points. 

Terpini Hydras (U. S. P.), terpin hydrate, is a crystalline substance 
(C^^H^g(OH )2 + II. 2 O) derived from oil of turpentine by the action of nitric 
acid in the presence of alcohol and water. It possesses almost no odor, is 
insoluble in water, and melts at about 116® C. 

Sabina (U. S. P.), the tops of .Iimiperus sabina, savine, contains as its ac- 
tive principle 01. Sabinse, a volatile oil which resembles that of . turpentine 
in many respects, but is not identical with it. 

Oleum Juniperi (U. S. P., B. P.), oil of Juniper, is derived from the juni- 
per berries and consists mainly of terpenes. Dose, 0.03-0.2 c.c, (J-3 mins.), 

Spiritua Juniperi (U. S. P., B. P.), 1-4 c.c. (16-60 mins.). 

Spiritua Juniperi Compoaitua (U. S. P.), 4-8 c.c. (1-2 fl. drs.). 

In addition to these preparations the following may be mentioned here as 
possessing similar action and uses. 

Linimentum Chloroformi (U. S. P., B. P.). 

lAnimentum Camphor se (IT. S. P., B. P.). 

Linimentum Camphorse Ammoniatum (B. P.). 

Linimentum Saponia (U. S. P., B, P.), very slightly irritant, 

Emplaatrum Arniae (IT. S. P.). 

CercLtum Camphorm (XT. S. P.). 

Therapeutic Uses.— Turpentine oil is used externally as a rubefacient, 
and differs from mustard and c^ntharidin in its greater penetrating 
power. It is not so irritant, however; it blisters only after long appli- 
cation, and the vesication produced is very painful and heals slowly, 
from the vapor penetrating into the deeper tissues. It is, therefore, 
employed to produce rubefaction only, and ought to be removed when 
this is attained. For this purpose any of the liniments of the group 
may be employed, or a more intense action may be got from the tur- ‘ 
pentine stupe,” which is made by dipping flannel in hot water, wringing 
it dry, and then dropping warm turpentine oil on it.* Turpentine 
preparations are used especially in rheumatic affections of the joints or 
muscles, and in sciatica. The oleoresins may be formed into ointments, 

'Alcohol has recently been applied in a similar way in phlegmon and other forms of 
inflammation. Ganze is soaked in alcohol (60-96 per cent. ), wrung out, wound round 
tiie aflected part and covered with cotton and oil-cloth. 
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or plasters^, and used as feeble stimulants in skin diseases. Turpen- 
tine oil is a fairly strong antiseptic, and is less irritant than many of 
the more powerful ones. It is often inhaled in lung diseases such as 
tuberculosis or gangrene, and has the effect of lessening the odor in 
the latter; the oil may be simply allowed to evaporate, but is much 
more efficient when sprayed into the air. Many of the resorts for 
phthisical patients are stated to be rendered especially suitable for the 
ireatment of this disease by the neighborhood of coniferous forests, 
which are supposed to dissipate the oils into the atmosphere ; but this 
is probably only an insignificant factor in tfie treatment. Turpentine 
oil is occasionally added to baths in order to cause a slight general 
stimulation of the skin, which may be of benefit in some skin diseases 
and also in general debility under certain conditions ; and pine-needle 
baths have some reputation in Germany for the same reason, the water 
being supposed to extract the oil. 

Internally, turpentine oil is occasionally employed as a vermifuge, 
but is inferior to other preparations used for this purpose. A few drops 
are often added to purgative enemata to increase their efficiency. It has 
been given by the mouith in order to lessen flatulence and to disinfect 
the intestine in various diseases, among others, typhoid fever, although 
its value here is disputed. Preparations of turpentine oil and juniper 
are rclialde and fairly powerful diuretics, but must not be prescribed 
in irritation of the kidney. The turpentine preparations have a cer- 
tain reputation as expectorants, and terebene has been especially ad- 
vised for this purpose ; they are also given internally as pulmonary 
disinfectants. In some forms of neuralgia their internal administration 
has been found beneficial, and oil of turpentine has been used in 
internal hemorrhage, but with doubtful results. Old oil of turpentine 
was formerly advocated in |)hosphorus poisoning, but this treatment 
has proved to be valueless. 

Along with tliese may be mentioned a series of resins which have some slight 
irritating eflcct on the skin, and have been used in the treatment of skin dis-^ 
eases. 

Eesina (U. 8. P., B. P.), resin, colophony, is the residue left after distilling 
ofl‘ the volatile oil from turpentine. 

Geratum itednas (U. 8. P. ). 

C^akpi Resium Compositum (IT. 8. P.). 

R%plaistrum Resinw (U. 8. P., B. P.), adhesive plaster.' 

Um/uethfum ResimFy {B, P.). 

Oaibanum (B. P,), a gumresin obtained from Ferula galbaniflua and prob- 
ably fi»m other species. It contains some volatile oil, gums and resin. Dose, 
5-15 grs. 

Pilula Galbani Oompodta (see Asafeetida). • 

Ammoniacum (B. P.), a gumresin obtained from Dorema Ammoniacum, and 

PRining a small quantity of a volatile oil with an unpleasant odor. 

Empladrum Ammoniad cum Hydrargyri (B. P,). 

Mistura Amiiwniaei (B. P.), J-1 fl. oz. 

Ouaiaoi Lign um (B. P.), the heart- wood of Guaiacum officinale. 

Guaiaeam (U. 8. P.), Quaiml Resina (B. P.), the resin obtained from Guaia- 
curn officinale, contains several resinous acids, some volatile oils and gums. It 
is colored deep blue by oxidizing agents. 
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Tinctura Guaiad (U. S. P.), 4 c.c. (1 fl. dr.). 

Tinctura Gvmousi Ammoniaia (U. S. P., B. P.), 2-4 c.c. (J-1 fl. dr.). 

MUtura Quaiaei (B. P.), J-1 fl. oz. 

Trochiscm Guaiaci Remise (B. P.), each containing 8 grs. 

Elemi resin (not ofiicial) is obtained from a number of trees of the order 
Burseracese, and contains volatile oil and resins. 

Unguentum Elemi (not official). 

Myrrha (U. S. P., B. P.), a ^mresin obtained from Commiphora Myrrha 
(U. S. P.), from Balsamodendron Myrrha (B. P.), containing a small quantity 
of volatile oil. 

Tinctura Myrrlise (IT. S. P., B. P.), 2-4 c.c. (|-1 fl. dr.). 

Filulse Aloes et Mynlise (U. S. P., B. P.). 

Tinctura Aloes et Myrrhse (U. S. P.). 

Mistura Ferri Composita (U. S. P.). 

Many other resins have been used in therapeutics, but have been aban- 
boned, a fate by which these survivors seem to be threatened. They are 
occasionally used externally as mild irritant applications in skin affections. 
Galbanum, Ammoiiiacum, Guaiacum and Myrrh have been used internally 
for many different purposes, as expectorants, diaphoretics, diuretics, aperi- 
ents, and have enjoyed a reputation in the treatment of amenorrhoea. They 
may be used to suspend insoluble bodies, as the gum contained causes them 
to form emulsions when water is added. 

II. Mustard. 

Mustard occurs in two forms in the pharmacopoeias, Black Mustard, 
Sinapis nigra, and White Mustard, Sinapis alba. Black Mustard cop- 
tains a glucoside. Potassium Myronate or Sinig^in, and a ferment, , 
Myrosiriy which decomposes it in the presence of water into dextrose, * 
potassium bisulphate and allyl-isosulphocyanate or volatile oil of 
mustard. 

Sinigrin. Volatile oil. 

CioTTi8KNSAo=-CSNC 3H6+ C6FIi20e+ Kl^O* 

Volatile oil of mustard is formed in various other Cruciferse when they are 
mixed with water. Thus horaeradish root (Armoracia, B, P.) contains it, 
while the allied species Cochlearia officinalis apparently contains the corre- 
sponding isobutyl compound. 

White mustard contains another glucoside, Sinalbin, which is also 
decomposed by the Myrosin in the presence of water. The products 
are entirely different, however, dextrose, sulphate of sinapine (an alka- 
loid), and an oil of mustard containing an aromatic nucleus being 
formed. 

Sinalbin. Oil of Mustard. Sinapine Sulphate. 

<Vr«N,S,0,. = Q,H.(OH)CH,NC8 + C„H:„N0,II,S0, + C,HuO, 

The oil of white mustard differs from that of the black in being less 
irritant, and in being destroyed by heat. 

Action. — Either of these oils is intensely irritant when applied to 
the skin, and if left long enough produces blistering, which is more 
painful than that caused by cantharides, and is said to heal less readily. 
This is probably due to the oils penetrating more deeply into the tissues, 
^d thus setting up more extensive inflammation. Mustiu*d is accord- 
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ingly used only to induce rubefaction, and ought to be removed before 
actual vesication occurs. When the crude drug is moistened and ap- 
plied to the skin, the oil is formed only slowly, so that the longer it 
remains applied, the more intense is the action. The glucosides in 
themselves have little or no action, and the products of their decom- 
position are harmless, with the exception of the oils. 

Preparations. 

Sinapis Alba (U. S. P.), Sinapis Albse Semina (B. P.), the dried npe seeds 
of Brassica alba. 

Sinapis Nigra (U. S. P.), Sinapis Nigras Semina (B. P.), the dried ripe 
seeds of Brassica nigra. 

Sinapis (B. P.), a mixture of the powdered seeds. 

. ' Charta Sinapis (U. S. P., B. P.), mustard powder rendered adhesive by 
India-rubber, applied to sheets of paper and dried. The U. S. P. prepara- 
tion is formed from the black mustard, the B. P. from a mixture of the two. 

Oleum Sinapis Volaiile (IT. S. P., B. P.), derived from black mustard. 

Linimentum Sinapis (B.. P.), formed from volatile oil of mustard, camphor 
and castor oil. 

Uses. — Mustard is largely used as a condiment and to promote 
appetite, but is never prescribed for this purpose. In large quantities 
it causes violent irritation of the stomach and bowel, with vomiting, 
purging, acute pain and tenderness in the abdomen, and collapse. 
Mustard and warm water is a convenient emetic in emergencies, as in 
cases of poisoning. 

The plaster or leaf (charta) is the form in which it is generally used 
in therapeutics. It contains the glucoside, which is slowly decomposed 
by the ferment when the plaster is dipped in warm water for a few min- 
utes before application. Another popular application is the mustard ■ 
poultice, in which powdered mustard is sprinkled on an ordinary 
poultice. Mustard is also added to baths occasionally when slight 
irritation and consequent congestion is desired over a large surface. 
For this purpose 2-4 teaspoonfuls of the dry powder are added for 
each gallon of water. In preparations of mustard it is important to 
avoid a temperature of over 60° C. (140° F.), as the ferment is de- 
stroyed above this. The plaster is left on the skin only for 15 to 30 
minutes, when it is used as a rubefacient. 

III. Cantharidin Series. 

Another series of local irritants comprises non-volatilc substances, 
,of which cantharidin is the best known. It is the anhydride of can- 
tharidic acid, which does not cxist^ itself, but the saltsj of which are 
formed from cantharidin by the action of bases. Cantharidin is rep- 
resented by Ci^HjgO^ and is a derivative of benzol. Its action on 
the central nervous system resembles, it is stated, that of the other 
members of that series, but is of no importance in comparison with 
its local Irritant effects. Cantharidin is found in Spanish fly (Can- 
tharis vesicatoria, or Lytta vesicatoria) and in several allied species of 
Coleoptera (beetles). The irritant action of cantharidin and of many 
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other drugs was formerly supposed to be due to its being an anhy- 
dride, but other anhydrides have no such specific action, and the can- 
tharidates are quite as powerful as cantharidin. 

Action. — ^Applied to the sUuy cantharidin produces redness, smarting 
and pain, followed very soon by small vesicles, which later coalesce 
into one large blister. This is much less painful than the vesication 
produced by mustard, because less of the irritant penetrates into the 
deeper tissues than in the case of the volatile mustard oil. If the 
blister be broken, however, and the unprotected dermis be allowed to 
come in contact with the irritant, violent inflammation with much 
pain, suppuration and even sloughing may follow. 

^ When large quantities of cantharidin are given internally^ the same 
irritant action takes place along the alimentary tract. If taken in 
solution, blisters arise in the mouth and throat, and the pain and 
swelling in the oesophagus may be so acute as to prevent swallowing. 
The irritation of the stomach produces vomiting, followed by purging 
with excruciating pain in the abdomen, and all the symptoms of shock 
and collapse. 

Cantharidin is absorbed from the alimentary canal, and also to a less 
extent from the skin, but has no important action on the internal 
organs, with the exception of those by which it is eliminated. The 
heart is often accelerated in poisoning in animals, but has been slowed 
in some cases in man, while in others it was rapid and feeble. The 
respiration becomes rapid and dyspnoeic some time before death, and 
some confusion, deepening into coma and convulsions, may indi(‘ate a 
specific action on the central nervous system. Vomiting also occurs 
on subcutaneous injection, but the presence of ulceration of the stomach 
and of diarrhoea when it is absorbed from the skin, indicates that some 
of the poison is excreted into the alimentary tract, and the vomiting in 
these cases may therefore be of peripheral rather than of central origin. 
In the process of excretion, cantharidin has the same eflects on the 
organs involved as on those of absorption. These effects are seen 
only in the genito-urinary tract in the vast majority of cases of poison- 
ing. Comparatively small quantities irritate the bladder, and cause a 
constant desire to micturate, with pain in doing so. In somewhat 
larger amount it sets up an acute nephritis with albuminuria, pain in 
the kidney region, and sometimes blood in the urine. The inflam- 
mation of the bladder and urethra produces intense pain and often 
priapism ; in women abortion is said to occur occasionally, and in both 
sexes the irritation may lead to increased sexual desire. 

The irritation of the kidneys by small doses increases their secretion,* 
and cantharid^s was therefore . considered a diuretic formerly. The 
tendency to produce nephritis renders it a dangerous internal remedy, 
however, and its diuretic power is quite insignificant in comparison 
with that of caffeine. 

Animals vary very considerably in the degree in - which J:hey react 
to cantharidin, tljo most noted example being the hedgehog, which is 
capable of surviving a dose of the poison sufficient to poison an adult 
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naan. Fowls and rabbits also possess a high degree of congenital 
tolerance for this poison, although none of these is absolutely insus- 
ceptible to it. 

Preparations. 

Cantharis (U. S. P., B. P.), Spanish Fly, the dried beetle, Cantharis vesi- 
catoria. 

Ceratum Cantharidis (U. S. P.). 

Collodium Cantharidatum (U. S. P.). 

Tinctura Cantharidis (U. S. P., B. P.), 0.1-0. 3 c.c. (2-5 mins.). 

Emplastrum Cantharidis (B. P.). 

Emplastrum Calefaciens (B. P.), warming plaster. 

Acetum Cantharidis (B. P.). 

Unguentum Cantharidis (B. P.). 

Collodium Vesicans (B. P.). 

Liquor Epispasticus (B. P.). 

Therapeutic Uses. — Cantliaridcs is at present used almost exclusively 
as a skin irritant^ and more particularly as a vesicant. In the United 
States the cerate is generally used for this purpose, and is applied to 
the skin by means of adhesive plaster; the corresponding preparation 
of the B. P. is the cantliaridcs plaster. It is to be noted that, in order 
to produce actual blistering, the plaster has to j*emain in contact with 
the skin some 8-10 hours, but an equal effect may be achieved by re- 
placing the plaster by a hot poultice after d-6 hours, when the skin 
irritation has reached the stage of redness. Cantharides is also used to 
cause rubefaction and commencing vesication (flying blister); this may 
be done by the use of these preparations, or by means of the warming 
plaster, B. P. Blistering collodion is used rarely in unmanageable 
cases in which there is a risk of the plaster being removed by the 
patient. The ointment is said to induce blistering sooner than tlie 
plaster. 

Cantharidin is liable to be absorbed from the skin, and its applica- 
tion is therefore avoided where there is any tendency to renal inflam- 
mation. 

Cantharides has been used not infrequently as an aphrodisiac, and 
several cases of poisoning have occurred from its administration for this 
purpose. In cattle it is largely employed to this end in some coun- 
tries, and in man it has undoubtedly similar effects in some cases 
through the irritation of the bladder and urethra, but its use for this 
purpose is always liable to produce nephritis. As an emmenagogue, 
cantharides has a certain popular reputation, which however has been 
shown to be unmerited, any influence which it may possess on the 
menstrual flow being quite insignificant, and probably (lue only to the 
irritation of the bladder and urethra. 

Cantharides has been advised internally in some forms of renal and vesical 
disease, but it is an exceedingly dangerous remedy in these conditions. In 
1891, Liebwjich proposed the treatment of tuberculous affections with can- 
tharidinates, in the belief that these would cause an inflammatory reaction 
around the diseased nodules, and would thus lead to their being destroyed 
or encapsuled in cicatricial tissue. It has not been determined whether 
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cantharidin acts more powerfully on irritated tissues, such as those around 
the tubercles, but experience has shown that no benefit followed Liebreich^s 
treatment, while in several cases severe nephritis resulted from the injection, 
and the method has therefore fallen into disuse. 

Cantharides is sometimes a constituent of hair washes, its irritant action 
on the skin being credited with causing a more rapid growth of the hair. 

In cases of Poisoning with cantharides, the stomach ought to be 
emptied as rapidly as possible by the stomach tube, provided the 
oesophagus allows of its passage. Demulcents and albuminous sub- 
stances are of use in slowing the absorption, but all oily or fatty 
bodies must be avoided, as they tend to dissolve the cantharidin and 
thus promote its absorption. Opium may be given for the pain, and 
if collapse sets in, the ordinary measures must be taken to combat it. 

Poison Ivy and Poison Oak. — The commonest form of poisoning in 
the United States is the skin eruption produced by the leaves of poison 
ivy and poison oak (Rhus toxicodendron and venenata) which Pfaff 
has recently shown to be due to the presence of a neutral body, Toxi- 
Godendrol, resembling closely the other members of this group. The 
effects of poison ivy can arise only from touching the plant, the poison- 
ous principle not being volatile. Very minute quantities of toxico- 
dendrol are sufficient to produce skin eruptions, however, yTyVir 
causing distinct symptoms in susceptible persons. The popular belief 
that skin affections can be induced by approaching the plant, without 
actually touching it, is probably accounted for by the facts that the 
eruption may be very late in making its appearance, and that poison 
ivy is very frequently mistaken for harmless climbing plants. 

In the dermatitis from poison ivy, Pfaff* recommends that the skin 
be washed and scrubbed with soap and water, or with alcohol, or a 
solution of lead acetate in alcohol. Ointments and oily liniments are to 
be avoided, as they dissolve the toxicodendrol and tend to spread it 
over the skin and thus produce further inflammation. For the same 
reason, the alcohol used to wash the part must be removed entirely, as 
the poisonous principle is soluble in it, while insoluble in water. 

Several little known substances may be classed along with cantharidin, 
which they resemble in their violently irritating effects on the skin and 
mucous membranes, and in being non-volatile. They are. of little impor- 
tance in therapeutics, but not infrequently give rise to accidental poisoning. 
A number of the Ranunculacese order are irritants, and this has been be- 
lieved to be due to their containing Anemonin, CjoHgO^, which is closely con- 
nected to cantharidin in its chemical structure, but this has been disputed 
recently by Brondgeest, who asserts that this body is a convulsive poisonr. 
Noel and Lambert also state that anemonin is not the irritant contained in 
Anemone pulsatilla, which owes its irritant effects to some other more 
poisonous constituent. In Mezereum, Buchheim found an anhydride which 
he termed Mezerein, but Springenfeldt states that the action is due to an oil 
and to the acid which it contains, which resemble croton oil and crotonoleic 
acid in their eflbcts. Cardol^ found in the fruits of Anacardium occidentale 
and in Semecarpus anacardium, is a very powerful irritant, and has been used 
to a limited extent as a vesicant. Cardol is probably a mixture of a number 
of substances, but it is unknown to which of these it owes its activity. 
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Euphorbin is said by Bucbheim to be the irritant principle in the Euphorbia 
resin (Euphorbia resinifera, etc.), and to resemble cantharidin in its anhy- 
dride form, but the salts and the eiiphorbic acid which is formed from them 
by acids are inactive, while the salts of cantharidic acid arc irritant, and 
cantharidin is reformed when they are broken up by acids. A very 
poisonous memller of the Euphorbiacem is the Manicheel tree, growing in 
the West Indies, and it apparently belongs to this series. 

Capsicum contains one or more non- volatile irritant substances which 
probably resemble the principles of this series more closely than any other. 
Capsicum is used in small quantities internally and has therefore been men- 
tioned along with the pepper series, but it is also used occasionally as a skin 
irritant. Pepper is also used as a rubefacient in domestic medicine. 

Chaulmoogra Oil, obtained from Gynocardia odorata, is apparently similar 
in character to the members of this group, although it is less irritant. It 
is used externally as an application to bruises, and both externally and 
internally in leprosy, although it is probably of little avail in this disease. 
It is said to owe its activity to Gynocardic acid, which it contains in combi- 
nation with glycerin. Croton oil is also used as a skin irritant, but will be 
treated of in connection with the purgatives (page 99). 

Many other plants possess irritant, poisonous properties, which would ap- 
parently entitle them to a place in this series, but so little is known of their 
■ active principles and of their effects, that they may be omitted for the i)resent. 

Preparations. 

Mezereum (U. S. P.), Mezerei Cortex (B. P.), the bark of Daphne meze- 
reum and of other species. 

Ptv/idextractmi Mezerei (U. S. P.). 

Mezereum is also contained in several of the sarsaparilla preparations 
(U. S. P.). 

Capsicum (U. S. P., B. P.). 

Emplaatrum Capdd (XJ, S. P.). 

Unguentum Capsid (B. P.). 

(For the other preparations of Capsicum see page 73.) 
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• Vn. VEGETABLE PURGATIVES. 

Purgatives arc drugs which are employed in medicine to evacuate 
the bowel of its contents. Many drugs produce evacuation in the 
course of their action, but have other elfects of importance and are hot 
included in this class. Thus the members of the preceding classes of 
skin irritafits induce diarrhoea, but this is accomjmnied by irritation of 
the mouth, throat and stomach, and in many other forms of poisoning, 
diarrhoea is a prominent feature, but is accompanied by vomiting or 
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some other symptom. The ideal purgative is devoid of any effects 
whatsoever, save in the intestine; it passes through the stomach with- 
out materially deranging its function, and is not absorbed, or at any 
rate is absorbed so slowly that it has time to unfold its action through- 
out the intestine. The vegetable purgatives act through their irritant 
properties, which in some instances are elicited only by the action of 
the secretion of the intestines and of the neighboring glands. Thus 
some of the purgatives pass through the stomach in the form of bland, 
non-irritant compounds (castor oil), which are broken up by the diges- 
tive processes in the intestine, while others perhaps owe their activity 
in the intestine to their solution or suspension in the juices. 

Many classifications of the purgatives have been based on their 
effects, and some of the terms are still retained, such as aperient^ ecco- 
protiCj laxativey jmrgativey eliolagogucy liydragoguey cathartic or drastic. 
But the effect of the purgatives is determined largely by the dose and 
by the condition of the intestine, so that a small dose may act as an ape- 
rient, laxative or eccoprotic, while a larger quantity of the same drug, 
or even the same dose in a more susceptible individual, may act as a 
drastic or hydragogiie cathartic. It is, therefore, preferable to classify 
them according to their chemical nature as far as that is known, and 
in this way three classes may be formed, (1) purgative oils, (2) purga- 
tives of the anthmcenc scries, (3) the jalapin and colocynthin group.. 

Symptoms. — In moderate doses the purgatives simply hasten the 
normal movements of the intestines, and the stool is of the ordinary ap- . 
pearance and consistency (laxative, aperient, or eccoprotic action). In 
larger quantities they cause a more profuse evacuation than normally, 
and the stools, which are repeated at short intervals, are of a looser, 
more fluid consistency. Their action is accompanied by considerable 
pain and colic, and the hurried movements of the intestine are shown 
by the characteristic gurgling sounds. Large quantities of the more 
powerful purgatives may cause all the symptoms of acute enteritis ; 
the stools at first contain the ordinary fajcal substances accompanied 
by more fluid than usual, but later consist largely of blood-stained 
mucous fluid with little or no resemblance to ordinary fleces. This 
violent purgation, which is not induced in therapeutics, is accompanied 
by pa-in and tenderness in the abdomen, and may induce shock, col- 
lapse and eventually death. 

Action. — The origin of the fluid of the stools after purgatives has 
been much debated. According to many authors, they accelerate the 
passage of the intestinal contents so much that there is no time fol 
the absorptiofl of the fluid, and the fseces escape in the fluid con- 
dition in which they normally exist in the small intestine. Other in- 
vestigators hold that purgatives cause fluid to pass into the intestine, 
either by increasing the normal secretions, or by causing an inflam- 
matory exudate from the vessels. Both parties have fouivled, or at- 
tempted to confirm their statements by the results of the injection of 
the purgatives into loops of intestine isolated from the rest of the 
bowel. In these, some observers (Brunton, Roy) have found a larger 
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accumulation of fluid after the injection of the purgatives, while 
others (Thiry, Radziejewski) found no more fluid after purgatives than 
after indiflerent fluids. These contradictory results are probably due 
to the methods adopted, and the quantity of the drug injected. In 
small quantities, such as are used in the vast majority of cases in ther- 
apeutics, the irritation produced by the purgatives is probably only 
enough to accelerate peristalsis somewhat, and the fluid of the stools 
is drawn partly from the food and partly from the ordinary secretions 
of the digestive organs. In these cases the intestine is not actually 
inflamed, although some congestion may occur in it, as in all organs 
in a state of abnormal activity. On the other hand, when large quan- 
tities are ingested a true inflammation of the intestine occui’s, mani- 
fested by increased movement, congestion, the exudation of fluid into 
the lumen of the bowel, and pain. In these cases the intestine pre- 
sents the usual signs of inflammation ; it is red and congested, and 
contains a muco-purulent fluid and often blood. The matter, therefore 
resolves itself into a question of dose ; if it be small, the fluid is not 
an exudate, if it be large the fluid is partly an inflammatory product. 
The stools following the administration of purgatives differ from the 
normal fieces in containing a larger proj)ortion of water and also of 
soluble substances. In fact, they resemble rather the contents of the 
small intestine than the normal excreta, and contain bodies which 
would normally have been absorbed and utilized but whicli have been 
hurried through the bowel too rapidly to permit of their being taken 
up by the epithelium. 

The colic produced by purgatives is not due to the inflammation of 
the intestinal wall, but is probably explained by the more vigorous 
contractions of the walls of the bowel and the difficulty in forcing on 
hard fiscal masses in the large intestine. The tenderness produced by 
large quantities of the purgfitives, on the other hand, would seem to 
indicate inflammation. 

There is every reason to believe that purgation may be induced by 
reflexes arising from the stomach or skin, or from localized irrifiition 
of one part of the bowel; and these reflexes, in some instances at 
least, must pass by way of the central nervous system. In the accel- 
erated peristalsis ordinarily induced by the purgatives, however, the 
central nervous system is probably not involved ; the irritation of the 
mucous membrane renders it more sensitive to the stimuli which it 
ordinarily receives from the contents, and the nervous impulses result- 
fng from these are transmitted to the intestinal nervous plexus and 
give rise to the reflex inhibition and contraction of the muscular coats 
by which the peristaltic movement is carried out. This action of the 
purgatives in increasing the irritability of the mucous membmne 
probably extends throughout the bowel, and the movements of both 
the small and the large intestine are accelerated. There is no reason 
to suppose that the food is retaixled in its passage through the small 
bowel in constipation; the delay takes place in the colon, and it is in . 
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increasing the irritability and removing the sluggishness of the latter 
. that purgatives kre beneficial. 

The action of the purgatives is genemlly considered purely local, and 
strictly analogous to that of the skin-irritants. The irritation of the 
epithelium and of the nerve-ends leads reflexly to increased activity of 
the deeper layers, which manifests itself in the bowel by contraction of 
the muscle, in the skin by hyperaemia. But some of the purgatives 
seem to have a further action, which is of a more specific nature. 
Thus senna, aloin, frangulin, and colocynthin cause evacuation of the 
bowel when injected subcutaneously or into the blood, podophyllum 
resin causes violent purging and vomiting when thus administered, and 
croton oil has long been rubbed on the skin in order to relieve con- 
stipation, and is found to cause intestinal inflammation and purging 
when injected intravenously. It has accordingly been suggested that 
these have a specific action on the bowel quite apart from their irri- 
tant effects ; but it is quite possible that their intestinal effects are here 
due to their excretion into the bowel, which has been shown to occur 
in several instances. Other irritants applied subcutaneously or intra- 
venously often, produce similar effects on the alimentary canal. 

The interval which elapses between the administration of a purga- 
tive and its effects varies with the dose, and also with the individual 
drug. In ordinary therapeutic doses, evacuation of the bowels occurs 
in most cases in 5-10 hours, but if large quantities of the more pow- 
erful purges, such .as jalap or croton oil, be given, the effects may be 
elicited in two hours. Aloes and podophyllum differ from the others 
in the length of the interval, catharsis rarely or never occurring ear- 
lier than 10-12 hours after their administration, and often only after 
20-24 hours. 

The movement of the intestine induced by purgatives is accom- 
panied by an increase in the leucocytes of the blood similar to that 
observed in other forms* of intestinal activity, e. g.y during digestion. 

The effects of the purgatives vary greatly in different animals. 
Thus, the rabbit is very refractory to most of the series, and often is 
killed by intestinal irritation without any evacuation being produced. 
The frog is unaffected by quantities which would produce poisoning in 
man, while the dog and e^t respond much more readily. 

It was formerly supposed that purgatives increased the secretion of 
bile, and certain of them, which were believed to have a special activity 
in this direction, were known as Oliolagogues. It has been shown of 
recent years that none of them possesses any action on the secretion of 
bile, although they may increase its excretion by hurrying it through 
the intestine and preventing its reabsorption. On the other hand, the 
presence of bile in the intestine is a condition necessary to the activity 
of many of the purgatives. Thus Buchheim and Stadelmann found 
that in the absence of bile the following purgatives are either quite in- 
active or very much less powerful than usual — ^podophyllum and podo- 
phyllotoxin, resin of jalap, convolvuliu, resin of scammony, rhubarb, 
cathartic acid, and the sodium salt of gambogic acid. This is prob- 
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ably due to gotne solvent action of the bile, for Stadelmann found that 
when soaps were given with some of these drugs their activity returned, 
and in other cases a comparatively slight modification of their chemical 
form was suflScient to restore their activity, even in the absence of 
either bile or soap. Analogous results have been observed from other 
causes than the absence of bile ; thus some of the pure principles of 
the purgatives are much less active than the crude drugs because the 
impurities of the latter alter their solubility. This alteration of the 
solubility may act in two ways : if the principle is rendered too soluble, 
it jjiay be absorbed in the stomach and upper part of the bowel, and 
therefore fail to produce purgation ; on the other hand, it may be 
rendered so insoluble that it fails to come into intimate contact with 
the bowel wall, and therefore does not irritate it. The effects of such 
colloid substances as the bile and gums is to delay the absorption of 
soluble substances in the upper part of the bowel, and at the same 
time to keep the insoluble resins in suspension (Tappeiner). 

Few of the purgatives have any appreciable action after absorption, 
but general effects may be produced indirectly from their intestinal 
action. It is probable that reflexes are elicited by irritation of the 
bowel analogous to those discussed under skin irritants, but in addition, 
the congestion of the bowel produced by its activity must alter con- 
siderably the distribution of the blood in the body. The belief in the 
efficacy of a purge in congestion of the brain may thus be bjised on a 
true revulsive action ] for the dilation of the intestinal vessels must 
necessarily lessen the blood pressure and thereby the blood supply to 
the brain. The congestion of the intestine is accompanied by a similar 
condition in the other pelvic organs, and the purgatives therefore often 
cause congestion of the uterus, with excessive menstrual flow, or in the 
case of pregnant women, abortion. Lastly, a certain amount of fluid 
is withdrawn which would otherwise be excreted by the urine, which 
is found to be proportionately diminished in amount. 

1, The Purgative Oils. 

Two very important members of the purgative series are Ccistor oU 
(Oleum Ricini), and Croton oil (Oleum Tiglii or Crotonis).^ Castor oil 
consists almost entirely of an oil which resembles olive oil in most re- 
spects, but on saponification forms ricinoleic acid instead of oleic acid. 
This acid (C^yH32(OH)COOH) differs from the fatty acids obtained 
from ordinary oils in being unsaturated and in containing a hydroxyl 
group. Castor oil is itself a bland, non-irritating fluid, but on passing 
into the intestine is decomposed by the digestive juiSes, and the 
ricinoleates thus formed are irritant and cause purgation. When the 
oil is saponified, and the free acid given by the mouth, the effects 
are quite different from those of the oil, for the taste is acrid and un- 
pleasant, and discomfort, nausea and vomiting may follow its in- 

* Another plant containing a purgative oil is the Jatrof)ha curcas, which bears the 
Barbadoes nuts, or purging nuts. It is somewhat weaker in its action than croton oil, 
and is said to be often substituted for it in specimens of croton oil obtained from India. 

7 
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gestion from its irritant action on the stomach. The oil, on the other 
hand, has a bland, if unpleasant, taste, and produces no effects on 
the stomach. Several other esters of ricinoleic acid have been shown 
by Meyer to resemble the glycerin ester (castor oil) in their purgative 
effects. . ^ 

Croton oil is decomposed into glycerin and crotonoleic acid, of which 
little is known except that it is similar to ricinoleic acid from a chemical 
point of view. It differs from it in the fact that crotonoleic acid is a 
much more irritant body, and in that some acid is found free in the oil. 
This free acid renders croton oil irritant before it reaches the intestine, 
although the same process goes on here as in castor oil, and the croton 
oil therefore becomes more irritant than elsewhere. On the skin, and 
in the throat and stomach, croton oil exerts its irritant action, but these 
effects may be avoided while it continues to act as a purgative, if the 
free acid be removed. Croton nil then becomes bland and. non-irritant, 
and can be distinguished from castor oil only by its more powerful, pur- 
gative action. Castor oil is absorbed from the intestine and disappears 
in the tissues in the same way as an ordinary oil. Nothing is known 
with certainty of the fate of croton oil in the body, but it is not un- 
likely that it is excreted in part into the large intestine. Both croton 
oil and castor oil are borne in much larger quantities by animals than 
by man, and not infrequently the former causes acute enteritis without 
purgation. 

Castor oil may be given in very large quantities without producing 
any symptoms, save those of a mild laxative. Croton oily on the other 
hand, acts as an irritant poison in any save the smallest doses, pro-* 
diicing vomiting and violent purging with bloody stools, collapse and 
death. Castor oil is occasionally used as an emollient to the skin, 
and has been employed as a solvent for application to the eye, while 
croton oil has already been mentioned as a pustulant. The harmless 
nature of castor oil is shown by its use in China as an article of 
diet. 

It wafS formerly a matter of dispute whether croton oil causes the formation 
of pus when injected subcutaneously, or whether the i)rcsencc of* microbes is 
necessary, but it seems unquestionable now that croton oil alone is capable of 
producing this effect, provided that it contains free crotonoleic acid. The 
contradictory results obtained by observers may be explained by the fact ’ 
that croton oil occasionally contains very little free acid, and that the 
mammalian tissues are unable to saponify the oil save in the presence of the ' 
intestinal ferments. In the frog these ferments are present in. the tissues, pr 
perhaps the latter are capable of breaking up the oil, for Hirschheydt found 
that the neutif^l oil caused inflammation and hemorrhages in various parts 
of the body. 

in the beans from which castor oil and croton oil are derived, toxalbumins 
are found, and these were at one time supposed to be the active principles 
of the oils. (See Ricin.) It has been shown, however, that the oils are en- 
tirely free from these poisons, and that their action is due solely to the acids 
of which they are glycerides. 
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Oleum Ricini (U. S. P., B. P.), a fixed oil expressed from the seed, or 
bean of Ricinus communis. Dose, 4-30 c.c. (1-8 ft. drs.). 

Mistura Olei Bicini (fi, P.), made up with cinnamon and orange flower 
water by means of mucilage, 1-2 fl. oz. 

Oleum Tiglii (U. S. P.), Oleum Crotonis (B. P.), a fixed oil expressed 
from the seed of Croton Tiglium. Dose, 0.02-0.05 c.c. (J-1 m.). 

Castor oil is difficult to take owing to its unpleasant taste. It may be 
given alone, in an emulsion flavored with sugar and some volatile oil, in 
wine, spirits or glycerin, or in flexible capsules. 

Croton oil is often given in a pill made up with bread crumb, or a single 
drop may be given on a lump of sugar or in solution in castor oil. 


2. The Anthracene Purgatives. 

A number of purgatives, Rhubarb ^ Senna, Aloes and Frangula, owe 
their activity to the presence of irritant anthracene compounds, 

only a few of which have been isolated. The chemical examination of 
these drugs is a matter of great difficulty, as they each contain several 
active principles which are very nearl}'^ related to each other, and 
some of which are undoubtedly the prtxiucts of the decomposition of 
more complex bodies. In addition, several of the pure substances 
have been found to be less certain in their purgative action than the 
crude drugs, probably because the colloids in the latter aid in their 
solution. 


All those which have been completely isolated hitherto have proved to bo 
derivatives of antJiraquinoue, 
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and some of the oxyanthraquinones seem to be widely distributed. Thus all 
the members of the group contain Emodin or trioxymethylanthraquinone, 
11.) (011)302), and rhubarb and senna contain Chryaophanic acid or 
dioxymethylantliraquinonc, (Cj.tH5(CH3)(0H)203), wliile a nearly related 
body has been found in Frangula. It is still undecided whether the emodin 
found in different drugs is identical or merely isomeric, and the same may 
be said in regard to chrysophanic acid. In addition, a number of other an- 
thracene bodies occur in these purgatives, some of them combined with 
sugars to form glucosides, but little is known regarding them, and it seems 
likely that some may prove to be impure emodin. Acid glucosides have 
been found in rhubarb, senna {(Mhartin or Cathartinic acid) *ind in cascara 
and frangula (Gathartin and Frangulin), In the different species .of aloes 
several Aioina {Barhaloin from Barbadoes aloes, Socaldin from Socotrine aloes,’ 
etc.) have been isolated. 


Several of the pure principles have been used as purgatives, although 
they seem on the whole to be less certain in their effects than the crude 
drugs; Chrysophanio acid does not cause purgation, owing to its rapid 
absorption. Frangulin has given satisfactory results, and CMhartin has 
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also been used experimentally, but is very liable to undergo decompo- 
sition. Ahin is less certain in its efiects than aloes, and it seems to be 
indisputable that the crystalline aloin itself is inactive in the bowel, but 
is there changed under certain conditions to an amorphous compound 
which has irritant effects. This active substance can be prepared from 
aloin by boiling in water, and may be present in the amorphous resin left 
after the extraction of aloin. The purgative action of aloes is increased 
by the addition of small quantities of alkaline salts and of iron. The 
presence of bile in the intestine is not necessary to elicit the action of 
this group, except perhaps in the case of rhubarb ; enemata of aloes 
are inactive unless bile is injected with them, but Kohlstock found that 
the same results could be attained by dissolving aloin in glycerin. 
The latter produces evacuation when injected alone as an enema, it is 
true, but he used smaller quantities of it than are necessary for pur- 
gation, so that the r6le played by the bile is probably the same as that 
of glycerin — ^a purely solvent one. 

The absorption of these bodies has not been satisfactorily determined 
in most cases. The urine is rendered yellow after rhubarb and senna, 
owing to the absorption and excretion of chrysophanic acid, but it is 
questionable whether the more active principles pass into the urine in 
appreciable amounts. When aloin is injected subcutaneously or intra- 
venously, it is excreted for the main part into the bowel, and there pro- 
duces irritation and catharsis. Cathartin and frangulin also act as 
purgatives when they are injected subcutaneously, probably because 
they are excreted into the bowel, although this has not as yet been 
investigated. The yellow pigment of the urine after rhubarb and 
senna becomes a purple red on the addition of alkalies^ ; the milk and 
skin also are said to assume a yellowish tinge from the presence of 
chrysophanic acid. 

In the rabbit aloin seldom causes purgation, and is excreted by the 
kidney in considerable quantity, especially when injected hypoder- 
mically. In passing through this organ it causes marked irritation 
and epithelial necix)sis, which often proves fatal in a few days. No 
irritation of the kidney occurs in man, the dog, or the cat after aloin. 

Rhubarb contains a considerable amount of tannic acid, which acts 
as an astringent and therefore tends to cause constipation after the 
evacuation of the bowels. It is not well tolerated in some cases, its 
administration being followed by nausea, headache and giddiness, more 
rarely by skin eruptions of different kinds. 

Prej^arations. 

c 

U. S. P. — Rheum, rhubarb, the root of Rheum officinale. 

Extractum Rhei, 0.3-0. 6 G. (5-10 grs.). 

Fluidextr actum JHhei, 1-2 c.c., (15-30 mins.). 

PiLiTLAS Rhei Compositje (aloes, myrrh and oil of peppermint), 1-6 pills. 
PuLVis Rhei Compositus (Gregory’s Powder) contains magnesia and ginger. 
Dose, 1-4 G. (20-60 grs.). • 

Tinctura Bhei^ 4-1 6 c.c. (1-4 fl. diu). 

^ For the reactions leqiiii’ed to distinguish chrysophanic acid in the urine from the 
pigment of'cuning in it after santonin, see page 122. 
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TincsluTa Rhd Aromaiiea (contains several volatile oils), 2-8 c.c. (J-2 fl. drs.). 

Mistura Rhd el Sodse (contains bicarbonate of soda, ipecac, peppermint 
and glycerin), 10-100 c.c. (2 fl. drs. -3 oz.). 

A.OHAT.CW ) <1-2 «■ *•■). 

B. P. — ^Bhei Radix, rhubarb root, the erect rhizome or so-called root of 
Rheum palmatum ; 3-10 grs. for repeated administration ; for a single ad- 
ministration, 15-30 grs. 

BxtrActum Rhei, 2-8 grs. 

PiLULA Rhei Composita (contains rhubarb, Socotrine aloes, myrrh, and 
oil of peppermint), 4-8 grs. 

PuLVis Rhei Compositus (Gregory’s Powder) contains rhubarb, light 
magnesia and ginger, 20-60 gi's. 

Tinctuka Rhei Composita, formed from rhubarb, cardamom and cori- 
ander, i-1 fl. dr. for repeated administration ; 2-4 fl. drs. for a single ad- 
mi ];iistration. 

Syrupus Rhei, i-2 fl. drs. 

Ihfvsum Rhei, J-1 fl. oz. 

lAquor Rhei Concentratua, J-l fl. dr. 

U. S. P. — Senna, the leaflets of Cassia acutifolia (Alexandria Senna), and 
of Cassia angustifolia (India Senna). 

CoNFECTTO SknnjE contains senna, cassia fistula, tamarind, prune, fig, sugar, 
and oil of coriander, 4-8 G. (1-2 drs. ). 

Fluidextraetum Semice, 4-8 c.c. (1-2 fl. drs.). 

Infusum SENNiE CoMPOSiTUM (Black Draught) contains senna, manna, 
magnesium sulphate and fennel, 60-120 c.c. (2-4 fl. oz.). 

Syrupus Senn^, 4-16 c.c. (1-4 fl. drs.). 

Senna is also contained in the compound syrup of sarsaparilla and in the 
compound liquorice powder. 

Senna is often administered as a simple infusion, senna tea, a teaspoonful 
of the leaves being used in a cupful of water. 

B. P. — Senna Alexandrina, the dried leaflets of Cassia acutifolia. 

Senna Indica, Tinnivelly senna, the dried leaflets of Cassia angustifolia. 

Tinctura Senn^e Composita, formed from senna, raisins, caraway, and 
coriander, j-l fl. dr. for repeated administration ; 2-4 fl. drs. for a single 
administration. 

Syrupus Senn^e, J-2 fl. drs. 

Liquor Sennas Concentratua, J-1 fl. dr. 

Infusum Senn^e, J-1 fl. oz.; as a draught, 2 fl. oz. 

Mistura SENNiE CoMPOSiTA (Black Draught), formed from magnesium 
sulphate, liquorice, compound tincture of cardamom, aromatic spirit of 
ammonia, and infusion of senna, i-2 fl. oz. 

CoNFECTio SENNiE, formed of senna, coriander, figs, tamarinds, cassia, 
prunes, liquorice, and sugar, 60-120 grs. 

U. S. P. — ^Aloe, the inspissated juice of the leaves of several species of aloe. 

Aloe Furificata, aloes from which insoluble impurities have been removed, 
0.1-0. 5 G. (2-7 grs.). 

^Aloinum, a neutral principle obtained from aloes, 0.05-0.2 G. (1-4 grs.). 

Extractum Aloes, 0.1-0. 5 G. (2-7 grs.). 

Vllvlm Aloes, 1-5 pills. 

PiLULjE Aloes et Ferri, 1-5 pills. 

Pilules Aloes et Mastiches, 1-5 pills. 

Piluks Aloes et Myrrhes, 1-5 pills. 

Pilules LaxativeB Convpositm (aloin, strychnine, belladonna and ipecacuanha), 

2 pills. • 

Tinctura Aloes, 2-8 c.c. (i-2 fl. drs.). 

Timtura Aloes et Myrrhes, 2-8 c.c. (i-2 fl. drs.). 

Aloes is also contained in compound rhubarb pill, compound extract of 
colocynth, and compound tincture of benzoin. 
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B. P. — ^Aloe Barbadensis, the juice of Aloe vera and other species, Bar> 
badoes Aloes or Cura^oa Aloes, 2-5 gi*s. 

Aloe Socotrina^ the juice of Aloe Peiryi, Socotrine or Zanzibar Aloes, 

Aloinum^ i-2 grs. 

Extbactum Aloes, 1-4 grs. 

PiLULA Aloes, 4-8 grs. 

Filula Aloes Socotrinse, 4-8 grs. 

PiLULA Aloes et Ferrt, 4-8 grs. 

PiLULA Aloes et Asafetid^, 4-8 grs. 

Filula Aloes et Myrrhse. 4-8 grs. 

Tinctora Aloes, J-1 11. dr. for repeated doses; for a single dose, 1^-2 fl. drs. 

Decoctnm Aloes Compositinn haloes, myrrh, saffron, potassium carbonate, 
liquorice, compound tincture of cardamom), ^-2 fl. oz. ^ 

Aloes is also contained in the compound extract of colocynth, compound 
colocynth pill, pill of colocynth and hyoscyamus, compound gamboge pill, 
compound tincture of benzoin and compound rhubarb pill. Some of the 
preparations are directed to be made from Socotrine, others from Barbadoes 
aloes, but there is really no difference in the effects. 

U. S. P. — ^Frangula, Buckthorn, the bark of Ehamnus fraugula, collected 
at least one year before being used. 

EluideMractmn Fratiyulai, 1-2 c.c. (15-30 mins.). 

U. S. P. — ^Rhamnus Purshiana, Cascara sagrada, the bark of Ehamnus 
Purshiana. 

Ejctractum Rhamni FurshimuBy 0.25 G. (4 grs.). 

Ftuidextraetum Rhamni Purshianve Aromatimmy 1 c.c. (15 mins.). 

Fluidextractum Rhamni PuRsiirANiE, 1 c.c. (15 mins.). 

B. P. — Cascara Sagrada, the dried bark of Ehamnus Purshiaiius. 

Extractum Cascarm SagradoHy 2-8 grs. 

Extractum Cascar^ Sagbai)A3 Liquidum, ^-1 fl. dr. 

Syrupus Cascarm Sagrad(B Aromaticmy J-2 fl. drs. 

Two artificial compounds of oxyanthraquiiione have recently been introduced 
under the names of purgatin and exodin. They are quite insoluble in water mid 
tasteless but are decomposed in the intestine and act there like the other 
purgatives, to which they do not seem superior. Purgatin colom the urine red. 
Dose, 0. 5-1.0 G. (8-15 grs.), in friable tablets or suspended in water. 

Of these iiunicrous preparations, the most extensively prescribed are 
the pills. The fluid preparations have an unpleasant, bitter taste, and 
are therefore less used, unless when disguised by tlie addition of sugar 
or volatile oils. The syrups of rhubarb and senna are often admin- 
istered to children, and the confection of senna and the compound 
liquorice powder are also pleasant, easily taken preparations. The 
compound infusion or mixture of seniia aiid the compound rhubarb 
powder are old and tried prejiarations, in which the virtues of the 
vegetable purgative are combined with those of a saline cathartic and 
antacid respectively ; they are both possessed of a harsh, unpleasant 
taste. Frangula is comparatively rarely used, but the fluid extract of 
cascara sagrada, which is practically identical with it, is a very popular 
remedy in habitual constipation. 

Pure Ohrysophanic Acid is not adapted for use as a purgative, as even in 
doses of 0.8 G. it fails to increase the peristalsis. A compound of chryso- 
phanic acid, ChrysaroHn (C^H^gO^), has found employment as an application 
in some forms of s)vin disease, e.specially in psoriasis, in which it is often of 
marked benefit; It is found in an impure form (Goa powder) in cavities in 
the Andii’a araroba, a tree growing in India and Brazil, and is isolated with 
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comparative ease ; it forms chrysoplianic acid when it is oxidized. Chrysa- 
robin is much more irritant than chrysophanic acid, and applied to the skin 
in a concentrated form, or in susceptible persons, causes itching, redness and 
swelling, less frequently papular or pustular eruptions ; the skin and cloth- 
ing are stained a reddish-brown color where it is applied. When swallowed, 
chrysarobin acts as a gastro-intestinal irritant, causing vomiting and purg- 
ing ; some of it is absorbed, and in its excretion by the kidneys causes in the 
rabbit nephritis with albumin and even blood in the urine. In man, slight 
albuminuria has been observed in some instances after its application to the 
skin ; in animals the epithelium of the renal tubules has been found to be 
necrosed, the glomeruli being less frequently affected. It was anticipated 
that it would undergo oxidation to chrysophanic acid in the body, and this 
is true for a part of that absorbed, but most of it passes through the tissues 
unchanged. 

Anthrarobin^ an artificial derivative of alizarin, was advised at one time as 
a substitute for chrysarobin and chrysophanic acid in the treatment of psori- 
asis and other forms of skin disease, but its value has been disputed and it is 
comparatively seldom used now. Pyrogallol apparently acts in the same 
way in psoriasis as chrysarobin, and the effect has in each case been attrib- 
uted to the withdrawal of the oxygen from the diseased skin. 

Araroba (B. P.), or Goa powder, a substance found in cavities in the trunk 
of Andira araroba, free from fragments of wood, dried and powdered. 

Chrymrohinum (B. P.), a substance obtained from Araroba by extracting 
with hot chloroform, and evaporating. It consists for the most part of 
chrysarobin, but contains some chrysophanic acid. 

Unguentum Chrysarobini (B. P.), 4 per cent. 

Chrysarobin is used in skin diseases, especially in psoriasis, in which 
it is applied in ointment. Chrysophanic acid might be used also for 
this purpose were its isolation not attended with such expense. Some 
confusion has arisen from chrysarobin having been at first supposed to 
be chrysophanic acid. 

3. The Jalapin and Colocynthin Group. 

The third group of the vegetable purgatives comprises a number of 
resinous glucosides and acids, whose more intimate chemictil structure is 
unknown, tliougli a niujiber of them appear to be nearly related chemi- 
cally, so that it is possible that they all contain a common radicle like 
the members of the anthracene group. 

Jalap resin contains two anhydride glucosides, Convolvulin and Jalapin^ the" 
latter only in very small quantity. Scammony consists very largely of Jala- 
pin. Squirting cucumber contains a resin (elateriurn), the active principle of 
which is Elaterin, another anhydride of which little is known. Podophyl- 
• lum contains two isomeric glucosides, Podophyltotoxin and Piaropodophyllin 
(C 23 Hjj.Oy). Gamboge owes its activity to Cair^ogic acid, which, however, is 
insoluble, and seldom acts unless it is accompanied by the iiftictive bodies of 
the crude drug. Colocynfhin is a glucoside occurring in the colocynth fruit, 
and forms Colocynthein and sugar when treated with acids. Colocynthein is 
said to be even more irritant than colocynthin. Bryony contains two gluco- 
sides, Bryonin and Bryonidin,*o^ which the latter is the more active. Lep- 
tandra owbs its activity to a resinous glucoside, Lepiandrin, euonymus to a 
glucoside, Euomjmin. Many other plants contain similar resinous purgative 
substances, and some of these are used as remedies to some extent, but so 
little'is known of their, properties and they are so seldom employed that they 
piay be omitted here. 
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Action. — These substances are in general much more powerful than 
any of the other purgatives except croton oil, and are therefore classed 
along with the latter as the drastic purgatives or hydragogue cathar- 
tics. In small quantities they cause evacuation more rapidly than the 
anthracene purgatives, and in somewhat larger doses produce j^rofuse 
watery stools with much pain and often tenesmus. In cases of poison- 
ing, the bowel undergoes acute inflammation, and blood is passed in 
the stools, which often contain shreds of epithelium from the walls. 
The irritant action is not confined to the bowel apparently for their 
administration is sometimes followed by uneasiness in the stomach, 
and occasionally by nausea and vomiting. On the other hand, mod- 
erate quantities are said not to induce colic so frequently as some of 
the anthracene purges. 

Several of these resinous purges are irritant to the skin and especially to 
the mucous membranes of the eye, nose and throat. Thus jalap, podophyl- 
lum and colocynthin all cause pain and irritation when they are applied to 
the nostrils in line powder, and podophyllum has been used as a skin irri- 
tant. 

The presence of bile in the intestine increases the purgative action of al- 
most all these bodies, and in fact, seems absolutely necessary for the action 
of most of them. Some of them induce purgation when injected hypodermically, 
and this effect is not prevented by the absence of bile in the intestine. 

Podophyllotoxin and colocynthin cause purgation when injected subcu- 
taneously ; this is probably owing to their excretion into the bowel, as the 
former has been detected in the faeces after this method of administration. 
Podophyllotoxin causes glomerular nephritis and hemorrhages into various 
organs when administered hypodermically or intitivenously in large quanti- 
ties, and when added to blood in a test-tube, it causes the formation of met- 
haemoglobin in the corpuscles. It has been said to have a depressant action 
on the central nervous system, but this is probably a result of the shock and 
hemorrhage produced by its intestinal action. Colocynthin is said to cause 
renal inflammation when applied subcutaneously or taken internally, and 
even when the powder is inhaled during its manufacture. Jalapin and con- 
volvulin given by the mouth cannot be found in the fseces or urine, and are 
therefore supposed to undergo partial or complete oxidation in the body. 
Convolvulin is found in the urine, however, when it is injected intraven- 
ously, and no purgation follows this method of administration ; so that it is 
probable that convolvulin is decomposed in the bowel when it is adminis- 
tered internally. 

* Euonymin has the same effect on the heart as digitalis, and will be men- 
tioned along with it, although it has a mild purgative action and is used 
chiefly as an aperient. 


Preparations. 

Oolocynthis ^TJ. S. P.), colocynth, the fruit of Citrullus Colocynthis de- 
prived of its rind. 

Oolocynthidis Pulpa (B. P.), the dried pulp of the fruit of Citrullus Colo- 
cynthis freed from seeds. 

Extractum Oolocynthidis (U. S. P.), 0.1-0. 3 G. (2-5 grs.). 

Extractum Colocynthidis Compositum (U. S. P., B. P.) (containing 
colocynth, aloes, scammony and cardamom), 0.2-1 G. (3-15 grs.), 

Colocynthin^ 5-10 mg. (Not pharmacopceial.) 
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PiLTJLiB CATHARTiCiE CoMPOSiTiE (U. S. P.) (compound extract of colocynth, 
jalap, gamboge and calomel), 1 pill as laxative ; 3 as drastic purgative. 

PiLULiE Catharticje Vkgbtabiles (U. S. P.) (contain compound extract 
of colocynth, jalap, leptandra, podophyllum, hyoscyamus and oil of pepper- 
mint), 1 pill as laxative ; 3 as drastic purgative. 

PiLULA COLOCYNTHIDIS CoMPOSiTA (B. P.) (colocynth, Barbadoes aloes, 
scammony resin, potassium sulphate and oil of cloves), 4r-S gi’s. 

PiLULA CoLOCYNTiiiDis ET Hyoscyami (B. P.), (compound pill of colo- 
cynth and extract of hyoscyamus), 4-8 grs. 

Podophyllum (U. S. P.) Podophylli Rhizoma (B. P.), the rhizome and roots 
of Podophyllum peltatum. 

Fluidextr actum Podophylli (U. S. P.), 0.3-1 c.c. (5-15 mins.). 

Resina Podophylli (U. S. P.), Podophylli Resina (B. P.), 15-60 mgs. 

(M gr.)- 

PilulcB Podophylli^ Belladonnm et Capsid (U. S. P.), 1 pill. 

Tinctura Podophylli (B. P.), 5-15 mins. 

Poihphyllin varies considerably in composition, and ought to be avoided. 

Podophyllotoxin, 5-10 mgs. Neither of these is pharmacopceial. 

Jalapa (U. S. P., B. P.), the tuberous root of Ipomoca Jalapa, 0.3-1 G. 
(5-15 grs.). 

Extrcmtum Jalapm (B. P.), 0.1-0. 5 G. (2-8 grs.). 

Resina Jalapje (U. S.P.), Jalapje Resina (B. P.), 0. 1-0.3 G. (2-5 grs.). 

PoLVis Jalap-® Compositus (U. S. P., B. P.) contains jalap and bitar- 
trate of potash. 1-4 G. (15-60 gi’s.). 

Tinctura Jalapsc (B. P.), J-1 fl. dr. 

Scammonium (U. S. P.), a resinous exudation from the living root of Con- 
volvulus Scam moil ia. 

Resina Scammonise (U. S. P.), 0.2 -0.5 G. (3-8 grs.). 

B. P. — ScammonisB Radix, Scammony root, the dried root of Convolvulus 
Scammonia. 

Scammonium, a gum resin obtained from the scammony root, 5-10 grs. 

Scammonise Resina, 3-8 grs. 

PiLULA ScAMMONi® CoMPOSiTA (coutaiiis jalap and ginger), 4-8 grs. 

Pulvis Scammonii CmwpoaiYt/s .(contains jalap and ginger), 10-20 grs. 

Scammony is also contained in the compound colocynth preparations. 

Euonymus (U. S, P.), Euonymi Cortex (B. P.), Wahoo, the dried root- 
bark of Euonymus atropurpureus. 

Extractum Euonymi (U. S. P.), 0.05-0.2 G. (1-3 grs.). 

Extractum Euonymi SicAium (B. P.), 1-2 grs. 

Fluidexiractum Euonymi (IJ. S. P.), 0.5 c.c. (8 mins.). 

Elaterinum (U. S. P., B. P.), CgoH^^O,,, a neutral principle obtained from 
elatferium, a substance deposited by the juice of the fruit of Ecballium Ela- 
terium (squirting cucumber). 1-5 rags. (eV-iV gr ). 

Trituratio Elaterini (U. S. P.) (one jiart elaterin in 9 parts sugar of milk), 
15-60 mgs. (J-1 gr.). 

Elatenum (B. P.), varies in strength, iVl gr- 

Pulvis Elaterini Compositus (B. J\) (one part elaterin in 39 parts milk 
sugar), 1-4 gi’s. 

* Gambogia (U. S. P., B. P.), Gamboge, a gum resin obtained from Garcinia 
Hanburii. • 

Pilula Cambogite Composita (B. P.) contains Barbadoes aloes and cinnamon, 
4-8 grs. 

Leptandra (U. S. P.), Culver’s root, the rhizome and roots of Veronica 
virginica. 

Extractyim Leptandrm (U. S. P.), 0.1-0. 2 G. (2-4 grs.). 

Fluidfixtractum Leptandrm (U. S. P.), 2-4 c.c. (30-60 mins.). 
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The resinous purgatives are generally administered in pill form ; 
very frequently two or more are combined in one pill, or they may be 
prescribed along with extract of belladonna or hyoscyamus, or with a 
drop of some carminative oil or resin, to prevent the pain and griping 
which often accompanies their action. The importance of these purga- 
tives is much less than it was formerly, and several of them are very 
seldom used ; the most important are colocynth, podophyllum, and 
jalap. In large doses they act rapidly, with the exception of podo- 
phyllum, which induces purgation very slowly (10-20 hours). 

Therapeutic Uses of the Purgatives. — The purgatives are employed 
to cause evacuation of the bowel when for any reason its peristalsis is 
slow. In ordinary constipation of short standing, in which the peri- 
stalsis may merely seem somewhat more sluggish than usual, the milder 
laxatives arc prescribed — castor oil, senna, rhubarb, aloes, frangiila, or 
cascara sagrada. The first two cause least disturbance of the bowel, 
but are disagreeable to take, and are less commonly prescribed for 
adults than rhubarb or cascara, or small doses of colocynth or podo- 
phyllum. In children or in debility in adults, senna and castor oil 
are frequently used however. 

In chronic constipation which cannot be controlled by hygienic 
measures, or by the use of a special dietary such as fruits, or coarse 
meal, and where the intestine has apparently taken on a sluggish habit, 
rhubarb, cascara, aloes, podophyllum, or colocynth may be ordered, 
but the saline cathartics often prove more satisfactory. Ehubarb tends 
to cause some constipation after its laxative effects, but is often used in 
these cases, as it possesses some bitter stomachic action, which compen- 
sates for its astringent after-effects. This bitter action is often given 
to the other purgatives by the addition- of gentian, nux vomica, or 
cinchona. In obstinate constipation, in which the bowel contains hard 
faecal masses, the milder purgatives often provoke griping without 
relieving the condition, and in these cases larger doses of colocynth, 
jalap, podophyllum, or croton oil are used, along with some of the ex- 
tracts of the atropine group or with a carminative oil. They may be 
prescribed along with some of the saline cathartics, as in the compound 
infusion of senna or the compound powder of jalap. 

Croton oil is used especially where the drug is required to be of 
small bulk and the administration is attended with special difficulty ; 
thus in unconsciousness or mania one or two drops may be given on 
sugar. In lead colic, croton oil is said to act more rapidly and effi- 
ciently than the others. • 

In some forms of diarrhoea constant irritation seems to be kept up 
by the presence of irritants in the bowel, and the indications are the 
removal of these by a purge rather than the administration of astrin- 
gents. Castor oil, senna, and rhubarb are especially adapted for this 
purpose ; the two first because they increase the irritation ofJ:he bowel 
less than the others, the latter because of its subsequent astringent 
fiction, 
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A purgative is often administered as a preliminary in the treatment 
of malaria, syphilis and other conditions, and seems to have beneficial 
effects, although these are difficult to explain. In the beginning of 
acute fevers also a purge is often useful, perhaps through the conges- 
tion of the bowel withdrawing the blood from the rest of the body, or 
through the removal of poisonous substances formed by the decompo- 
sition of the intestinal contents. In congestion of the brain a purga- 
tive is often administered with good effects, which may also be attributed 
to the accutn Illation of blood in the mesenteric circulation, and perhaps 
to some action analogous to counter-irritation of the skin. For these 
purposes a sharp purge is generally used, cither croton oil or one of 
the jalapin and colocynthin series. 

The more powerful purgatives were formerly largely used to remove 
fluid from the body in cases of dropsy or oedema, and they were gener- 
ally prescribed along with the saline cathartics for this purpose. The 
violent action required is weakening, however, and while the fluid is 
withdrawn to a greater or less extent, the condition of the patient often 
undergoes little improvement, so that this measure is comparatively 
seldom used now. 

The congestion of the pelvic organs induced by these purges is not 
infrequently beneficial in cases of amenorrhoea. Aloes is almost exclu- 
sively used for this purpose, and is generally administered along with 
iron or with myrrh, which is credited with some special action on the 
genital organs. 

The purges act as intestinal disinfectants by removing the micro- 
organisms meclianically, though the vegetable purges are less used 
for this purpose than calomel. A purgative is administered to remove 
poisons in the intestine when they have passed beyond the stomach 
or when they are excreted into the bowel. 

Purgatives are contraindicated in conditions of acute intestinal irri- 
tation, and during menstruation and pregnancy, owing to the conges- 
tion of the pelvic organs, which may lead to an excessive flow in the 
one case and to abortion in the otlier ; aloes is especially dangerous 
in thcvse conditions. In collapse, asthenia and anajinia, powerful pur- 
gatives arc contraindicated, owing to the irriUition they produce. 
In hsemorrhoids, aloes is often said to do harm by increasing the. con- 
gestion of the rectum, and jiowerful purges are injurious from the 
straining they cause, but if constipation is j)resent, a mild purgative is 
beneficial. In all those conditions, if a purgative is required, either 
castor oil, senna or rhubarb ought to be chosen. 

• 

Eepeated attempts have been made to produce evacuation of the bowels 
by substances injected subcutaneously. Hiller found colocynthin the best 
available for practical purposes, although aloin and catliai'tinic acid also 
acted efficiently. The injection is so painful, however, that it ought only to 
be had ftcourse to in exce])tional circumstances. Dixon has recently suggested 
the use of apocodeiiie for this purpose (see Aponiorpliine). 

Another method by which the purgatives may bo administered is in enema. 
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The addition of purgatives, such as castor oil, and of bile to the ordinary 
enemata has been practised for many years, but Kohlstock has recently 
drawn attention to the use of purgatives by enema with only 1-3 teaspoonfuls 
of fluid. The large water enema, containing a pint or more of fluid, acts 
mainly by distending the bowel and thus setting up peristalsis, although the 
soaps, salt and other similar bodies, which are often added to it, may have 
an irritating effect in addition. In the small enema, however, distention 
plays no part, the movement being elicited by the irritant action of the drug. 
Kohlstock found that colocynthin (0.01-0.03 G.), aloin (0.4-0.6 G.), and 
cathartinic acid (0.6 G.) dissolved in glycerin caused purgation, colocynthin 
acting in ^-2 hrs., aloin in 2-12 hrs. and cathartinic acid in 1-6 hrs. The 
two latter were certain in their effects only in cases of moderate constipation. 
He attributes their action to absolution from the rectum. 
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VII. VEGETABLE ASTRINGENTS — TANNIO ACID SERIES. 

A large number of vegetable substances owe their * action to their 
containing tannin substances, while in many other preparations the ef- 
fect of more important constituents is modified by the presence of 
these widely distributed bodies. Tannic acid proper is derived from 
the oak gall, and seems to consist of an anhydride combination of 
gallic acid, into which it is very easily decomposed, probably according 
to the following equation : 

Tannic acid. Gallic acid. 

C6H2(OH)aCO— 0(OH)jCeHaCOOH + U20=2CslIA01I^)C00ll. 

Gallic acid is formed from a large number of other bodies which 
closely resemble tannic acid in their general features, but are by no 
means identical with it. Their constitution is altogether unknown, 
but they possess a number of reactions in common and are generally 
classed together as the tannic acid substances. Some of them contain 
a sugar, and tannin or tannic acid is therefore sometimes said to be a 
glucoside. These bodies precipitate albumins, gelatins, alkaloids and 
some glucosides, and the salts of the heavy metals. The salts of iron 
form a bluish-black or greenish-black precipitate, and an attempt is 
sometimes made to divide the forms of tannic acid by this reaction, 
but they may be better indicated by their origin, as kinotannic acid 
from kino, catechutannic acid from catechu, etc. 

Action. — The pharmacological eifects of these bodies are due to 
their precipitating albumins and other proteids, and this reaction 
may therefore be described before their action in the body. If 
tannic acid solution be added to a neutral solution of albumin or 
gelatin, a white precipitate falls, which is entirely insoluble in water, 
but is soluble in excess of albumin or gelatin, in acetic or lactic acid, 
and in alkaline solutions.^ Solutions of pepsin and of peptones are also 
precipitated by tannic acid unless in the presence of an acid. If pro- 
teid tannate be exposed to the action of the gastric juice it undergoes 
digestion and is dissolved in the same way as an ordinary coagulated 
proteid such as fibrin. During the process the tannic acid is set free 
from its combination apparently, and can precipitate undigested pro- 
teids, although it has no effect on the peptones in the acid medium. 
When a soluble tannate is formed by the addition of soda or potash to 
a tannic acid solution, the presence of proteids produces no precipitate, 
the affinities of the acid being satisfied by the alkali, and for the same 
reason the tannic acid precipitate is dissolved in the presence of 
alkalies. ^ ^ ^ ^ 

Tannic acid applied to animal tissue, as in the tanning of leather, 
causes a precipitation of the proteids, and the tissue becomes harder 
and tougher and tends to shrink together ; at the same time it has less 
tendenc}s to undergo putrefactive changes and does not lose its flexi- 

^ Some discrepancies in the accounts of different authors in regard to these reactions 
are perhaps due to variations in tlie amount of the neutral salts in their preparations. 
The account given by Lewin has been followed in the text. 
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bility, as it would in drying. Strong solutions cause an irarae^^ 
dense precipitate of the proteids on the surface and prevent the furffl^ 
penetration of the coagulating fluid, while the more dilute solutions aSg 
believed to penetrate more deeply and thus to cause a more complete 
precipitation of the proteids of the tissue. 

Tannic acid solutions have a harsh, bitter, astringent taste and 
produce in the mouth a feeling of constriction, dryness and rough- 
ness, along with a sense of stiffness in the movements of the tongue, 
and some loss of taste. These effects are due to the coagulation of the 
superficial layers of proteid both within and without the epithelium, 
which substitutes for the ordinary smooth surface a firmer, less even 
one, over which the tongue can no longer move easily. The feeling 
of constriction may, perhaps, be caused by an actual shrinking of the 
superficial layers of the epithelium, or may be due merely to the im- 
paired movements and sensation. 

The astringent feeling is continued in the throat as the solution is 
swallowed, and occasionally some discomfort or even nausea and vomit- 
ing are provoked by it, but as a general rule no such effects are observed. 
The stools are rendered harder and firmer by the administration of 
tannic acid, and constipation is often produced by it. In excess, tannic 
acid sometimes causes irritation of the intestine and diarrhoea, but 
beyond these symptoms of local irritation of the stomach and bowel, 
no effects arise from even enormous quantities of the drug. 

In the stomach, tannic acid combines with any proteid substance with 
which it may come in contact and precipitates it, but as digestion pro- 
gresses, this combination is broken up, as the peptones do not combine 
with tannic acid in acid solution, and the astringent action is therefore 
exercised on the walls of the stomach and intestine. Ordinary quanti- 
ties cause the same superficial coagulation as in the mouth, but if large 
doses be given when the stomach and intestine are not protected by 
foodstuffs, a more complete coagulation of the mucous membrane takes, 
place and the consequent irritation results in vomiting, and sometimes 
in diarrhoea. The increase in the consistency of the stools is probably 
due to the layer of coagulated proteid acting as a protective to the 
bowel, lessening its irritability and thus retarding its movements, so 
that there is longer time for the absorption of the fluid part of its 
contents, although this proceeds more slowly under tannic acid than 
normally (Gebhardt). Yeasts and microbes arc precipitated by tannin, 
and this may tend to lessen the fermentations in the bowel in some 
cases, although some preparations of tannic acid which have been ex- 
amined in regal’d to this point have been found to have little or no 
effect on intestinal putrefaction. 

The local application of tannic acid causes a diminution of the se- 
cretions of glands, as has been demonstrated by Schiitz. This is due 
to its effects upon the protoplasm of the secreting cells, which probably 
undergo the initial stages of coagulation. • 

It was formerly believed that tannic acid caused constriction of the 
vessels of any part to which it was applied, but some doubt has been 
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on this by the experimental results obtained by Roseustirn and 
i®4hers. Heinz, the most recent writer on the subject, found that 
solutions of tannic acid of less strength than J per cent, caused con- 
striction of the mesenteric vessels of the frog or rabbit when applied 
directly, while more concentrated solutions caused transient constric- 
tion followed by dilation. Another local effect produced by tannic 
acid is seen in tlie cessation of the movements of the leucocytes in the 
tissues around the point of application and the arrest of their diapedesis 
through the walls of the vessels. 

When tannic acid comes in contact with blood in a test-tube it pre- 
cipitates the albumins, and when it is injected intravenously, the precip- 
itate formed leads to the formation of emboli. The alkaline tfinnates 
are generally believed to be entirely devoid of astringent effects, unless 
when the tannic acid is freed from the combination by the presence of 
an acid, but according to Heinz and Gottlieb the astringent action is 
only weakened and not entirely removed by combination with the 
alkalies. 

The fate of tannic acid in the body has given rise to some discussion. 
When it is taken internally a small proportion is sometimes eliminated 
by the bowel unchanged, but very often none is to be found in the 
stools ; traces are apparently absorbed and excreted in the urine as so- 
dium tannate in both man and animals, although some investigators 
have failed to detect these. When sodium tannate is administered in- 
ternally, a distinctly larger amount of it is absorbed and reappears in 
the urine. But much the greater part of the tannic acid is decomposed 
in the intestine into gallic acid, some of which often passes out in the 
stools, some in the urine. Only about one per cent, of the tannic acid 
swallowed reappears in the excretions, either as tannic or gallic acid ; 
the rest apparently undergoes complete oxidation in the tissues, for no 
further trace of it can be found. After tannic acid is administered, 
some tannic or gallic salt is present in the blood, for iron salts give a 
darker color to it, but it is impossible to state whether this Is tannin 
or a gallate, although in all probability it is the latter. According to 
Harnack, the gallic acid in the urine sometimes forms pyrogallol on 
standing, but this poisonous substance is not formed from binnic acid 
in the intestine or tissues. 

Tannic acid then does not exist in the tissues as such, but only in 
the form of traces of the gallate or tannate of soda, which are so small 
as to be devoid of astringent properties. Tannate of soda seems to 
have no action whatever, while gallic acid has no further properties 
than other weak acids. Theoretically, therefore, it is to be expected 
that the effects of tannic acid are limited to the point of application, 
and there is no evidence of any weight that it exercises any action after 
absorption. 

Lewin*states that the muscles of the frog are altered in elasticity after the 
application of tannic acid subcutaneously, and an old observation is recorded 
in which the spleen was supposed to undergo contraction when tannic acid 
was administered, but the methods adopted render these observations worth- 
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less. Tannic acid is often said to lessen the albuminuria ini certain foriiis of 
Bright’s disease, but the only exact determinations which have been made 
in man showed that no such effect was present, and in Eibberts’ experiments 
the animals were moribund when the improvement occurred, and no safe 
deductions can be made therefore. The urine is sometimes said to be 
diminished by tannic acid, but this statement is based on error. Last of 
all, tannic acid is said to lessen internal hemorrhage by contracting the 
vessels, but tannate of soda, the only form in which it can exist in the blood 
is entirely devoid of action. 

Gallic acid given hy the mouth is absorbed and is excreted by the kidneys 
to some extent. Much of it disappears in the tissues, however, apparently 
by oxidation. The excretion of uric acid in the urine is considerably reduced 
by the administration of gallic acid. 

The numerous preparations of the pharmacopoeias which owe their 
activity to their containing tannic acid, differ from the pure drug in that 
the acid is only slowly dissolved out from the colloid mass, and there- 
fore acts less on the stomach and affects a greater length of intestine. 

Preparations. 

Acidum Tannicum (IT. S. P. , B. P.), tannic acid, gallotannic acid or digallic 
acid (HCj^HgOg), an organic acid obtained from nut gall, 0.1-0. 6 G. (2-10 
grs.). 

Glyceritum Acidi Tannici (U. S. P.), Glycerinum Acidi Tannici 
(B. P.). 

Unguentum Acidi Tannici (U. S. P.). 

Collodium Stypticum (U. S. P.). 

Trochisci Acidi Tannici (U. S. P.), 0.06 G. (1 gr.) ; (B. P.)> i g*** I*! each. 

Suppositoria Addi TannM (B. P.), 0.2 G. (3 grs.) in each. 

Acidum Gallicum (U. S. P., B. P.), gallic acid (HC^HgOg), an organic acid 
usually prepared from tannic acid, has no astringent properties, nor, in fact 
any qualities which render it of value in medicine. 

Gambir (U. S. P.), an extract prepared from the wood of Ourouparia Gambir, 
1 G. (15 grs.). 

Tinctura Gambir Composita (U. S. P.), (flavored with cinnamon), 4 c.c. (1 
fl. dr.). 

Trochisci Gambir (U. S. P. ). 

Gambir has been substituted for the Catechu of former editions of the Pharma- 
copoeia. 

Catechu (B. P.), an extract of the leaves and young shoots bf Uncaria 
Gambier. 

Tinctura Catechu, J-1 fl. dr. 

Trochisci Catechu, each containing 0.065 G. (1 gr.) of catechu. 

Pulvis Catechu Compositus contains catechu, kino, krameria, cinnamon and 
nutmeg, 10-40 grs. 

Krameria (U. S. P.), Ehatany, the root of Krameria triandra and of 
Krameria Ixina, KramerisB Eadix (B. P.), the dried root of Para Rhatany 
(Krameria argentqa?) or of Peruvian Rhatany (Krameria triandra). 

Extractum Kramerije (U. S. P., B. P.), 0.3-1 G. (5-15 grs.). 

Fluidextrojctum Kramerice (U. S. P.), 0.5-4 c.c. (10-60 mins.). 

Tinctura Kramerim (IT. S. P., B. P.), 2-8 c.c. (J-2 fl. drs.). 

Syrupus Krameriac (U. S. P.), 2-10 c.c. (J-3 fl. drs.). 

IJquor Kramer isR Concmiratus (B. P.), J-1 fl. dr. ^ 

Infusum KramerUe (B. P.), J -1 fl. oz. 

Trochiad Kramerise S. P., B. P.). 

Trochiacus Kramerive el Cocainx (B. P.), each containing ^ gr, of cocaine. 



^ VsaMTABl^ MTItm&ENTS—TJmiO ACtD SEJtiBS. 113 

Kino (U. S. P., B. F.), the inspissated juice of Pterocarpus Marsupium, 
0.6-2 G. (10-30 gi-s.). 

Tinctuka Kino (U. S. P., B. P.), 2-8 c.c. (i-2 fl. drs.). 

PuLVis Kino Compositus (B. P.), contains 6 per cent, of opium, 5-20 gra. 

HamameUdis Folia (U. S. P., B. P.), Witchhazel, the leaves of Hamamelis 
Yirginiana, contains tannic acid, a volatile oil and a bitter. 

HamameMU Cortex (U. S. P., B. P.), the dried bark of Hamamelis Virgin- 
iana, witchhazel bark. 

Fluidextrmtum Hamanielidie Foliorum (U. S. P.), 2 c.c. (30 mins.). 

Aqua HamamelidiB (U. S. P.), 8 c.c. (2 11. drs.), 

Extractum Hamamelidia Liquidum (B. P.), 5-15 mins. 

Liquor ffamamelidis (B. P.). 

Tinctura Hamamelidu (B. P.), J-1 fl. dr. 

Unguentum HamameUdis (B. P.). 

Hsematoxylon (U. S. P.), Hsematoxyli Lignum (B. P.), Logwood, the 
heart, -wood of Hmmatoxylon campechianum. 

Extractum Hiematoxyli (U. S. P.), 0.5-2 G. (10-30 grs.). 

Decoctum Hiematoxyli (B. P.), i-2 fl. oz. 

Eucalypti Gummi (B. P.), a ruby-colored exudation, or so-called red gum, 
from the bark of Eucalyptus rostrata and some other species of Eucalyptus. 
'2-5 grs. 

Trochiscus Eucalypti Gummi (B. P.), each containing 1 gr. of the gum. 

Geranium (IJ. S. P.), Cranesbill, the rhizome of Geranium maculatum. 
1-2 G. (15-30 grs.). 

Fluidextr actum Qeranii (U. S. P.), 2-4 c.c. (30-G0 mins.). 

Rubus (U. S. Ptf), Blackberry, the bark of the root of Bubus villosus, B. 
Canadensis and B. trivialis. 

Fluidextractum Rahi (U. S. P.), 2-8 c.c. (J-2 fl. drs.). 

Syrupus Bubi (U. S. P.), 2-8 c.c. (J-2 fl. di*s.). 

Galla (U. S. P., B. P.), Nut-gall, an excrescence on (Juercus lusitonica 
(Quercus infectoria, B. P.), one of the oaks, caused by the punctures and 
ova of an insect, Cynips Gallm tinctoriae. 

Tinctura QalUe (U. S. P.), 2-12 c.c. 

Unguentum GaUm (U. S. P., B. P.). 

Unguentum Gallie cum Opio (B. P.) contains 7i per cent, of opium. 

Onerous (U, S. P.), white oak bark. 1 G. (15 grs.). 

Fluidextractum Quercus (U. S. P.), 1 c.c. (15 mins.). 

Rhus glabra (U. S. P.), the fruit of sumach. 

Fluidextractum Ehois Glabrae (U. S. P.). 

Several new preparations of tannic acid have been introduced into thera- 
peutics of i^te years, chiefly for use as intestinal astringents. Tannic acid 
itself is liable to produce irritation of the stomach, and to be decom- 
posed or absorbed to a large extent before it reaches the large intestine, and 
although the cruder preparations are less liable to these changes, even they are 
by no means devoid of disagreeable features. Meyer, therefore, introduced 
tannigen, or diacetyltannin, in which two of the original hydroxyl groups of 
the tannic acid are replaced by acetyl. This body is exceedingly insoluble in 
water, but is dissolved by alkalies. It wtis hoped that it would remain insol- 
uble in the stomach and only*eommence to act in the bowel, and Rost finds 
that after administration by the mouth, it occurs in the humarnfmees in small 
quantity as tannic acid, while in the cat it passes through the alimentary 
canal in part unchanged. At the same time the presence of gallic acid in the 
unne indicates that part of it undergoes the fate of tannic acid. Tannoform 
is a somewhat similar combination of tannic acid and formaldehyde, while 
tannopin is |t still more recent and untried member of the series. Both 
tannigen and tannoform are astringent in the mouth and stomach, but reach 
the bowel owing to their insolubility. The iannatbin of Gottleib, on the 
other hand, is a combination of tannic acid and albumen, dried at such a 
8 
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temperature as to prevent the action of the gastric jiiice upon it, but capable 
of t^ing broken up by the nioi^ powerful pancreatic fluids. It is entirely 
insoluble and is not astringent until digested in the bowel, so that > it has no 
irritant action on the stomach and is tasteless. Rost found taniialbin and 
tannic acid in the fmces of the cat after its administration, while only gallic 
acid occurs in the stools and urine in man, showing that in the latter the 
whole of the tannalbin administered is decomposed in its passage through 
the alimentary canal. Tannocol is a combination of tannic acid and gelatin, 
resembling tannalbin in most respects. 

Tannigen, 0.5-2 G. (10-30 grs.), in powder. 

Tannalbin, 0.5-2 G. (10-30 grs.), in powder. 

Several combinations of gallic acid have been introduced of late years as 
astringents. They can have no such effect, however, and must be regarded 
as additions to the group of inert protective powders, which is already rep- 
resented in overabundance in therapeutics. 

Therapeutic Uses. — The prepamtions of tannic acid ought to be used 
for their local effects exclusively. They are applied externally in 
cases of excessive secretion, as in local sweating or weeping ulcers, and 
occasionally to harden the skin. For this purpose tannic acid may be 
used in solution in water, or in the form of the glyceritc or ointment, 
or some other fluid preparation may be preferred. The styptic collodion 
may also be employed for this purpose, the evaporation of the solvent 
leaving the surface covered with a thin layer of collodion impregnated 
with tannic acid. Tannic acid is used as a mouth wash in cases of swol- 
len gdms, or relaxed throat, and may here be prescribed in a flavored 
solution or in the form of lozenges, of which the pharmacopoeia offers 
a choice. In certain forms of diarrhoea the astringent action of tannic 
acid is of considerable value, and occasionally when such drugs as 
cod-liver oil cause diarrhoea, tannic acid prevents this action without 
hindering their general effects. The pure drug is seldom used in these 
cases, as it is liable to derange the stomach and to form compounds 
with the albumins before it reaches the bowel, and catechu, krameria 
or kino is accordingly prescribed, either in the form of pills or in fluid 
preparations. Possibly all of these may be replaced in the early 
future by such artificial compounds as tannigen or tannalbin. Tannic 
acid stops hemc)rrhage by precipitating the proteids, when it comes 
into immediate contact with the bleeding point, but it is not of so 
much value for this purpose as some of the metallic astringents. 
When the bleeding point can be reached directly, the pure acid is used, 
but for hemorrhage of the intestine or stomach one of the extracts is 
preferred. Large encmata containing tannic acid have been advised 
in cholera, dysentery and similar conditions. 

In cases of poisoning with metals and alkaloids, tannic acid is often 
used to cause their precipitation in the stomach, but the tannate formed 
must be removed at once, as it is gradually dissolved in the digestive 
fluids. The administration of tannic acid is therefore pnly a tem- 
porary expedient to allow of active measures being taken to empty the 
stomach. 



Some individuals are peciuliarly susceptible to the action of tannio 
acid, which induces local irritation and inflammation wherever it is 
applied in these oases. 
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IX. ANTHELMINTICS. 

Anthelmintics are drugs which are used to kill or remove iiite:Jtinal 
worms. They possess no such mutual resemblances in their effects as 
are met with in the purgatives, and their arrangement in a class is 
therefore artificial ; at the same time, they have no marked affinities 
with other groups, and it is convenient to have those bodies which are 
used exclusively for this purppse placed together. 

In order to possess any value as an anthelmintic, a drug must, of 
course, act more strongly on the parasite than on the host, and this more 
intense eflTect may be attained either by a specific action on the para- 
site, or by the drug failing to be absorbed from the alimentary canal. 
As a matter of fact, the anthelmintics, with the possible exception of 
pelletierine, have no such specific action, and their use is rendered pos- 
sible only by their slow absorption. In this point they resemble the 
purgatives, from which they differ, however, in causing little or no 
irritation in the stomach or bowel. 

Anthelmintics are often divided into vermicides and vermifuges, 
according as they kill or merely cause the expulsion of the worm, but 
as this is determined largely by the quantity which comes in contact 
with the parasite and the rapidity with which the bowel is evacuated, 
the distinction is imaginary. 

• Before the administration of an anthelmintic, the bowel ought to be 
emptied of its contents as far as possible by a light, easily digested 
diet and a laxative, and a brisk purge ought to follow some hours 
later, in order to remove the dead or stupefied worm. The anthel- 
mintic is often prescribed along with a purge. 

A number of drugs belonging to other groups are used occasionally 
as anthelmintics. Thus several of the volatile oils — tansy, turpentine — 
have some reputation ; and chloroform is also administered occasionally 
by the mouth for its action on the parasites, but, like the volatile oils, 
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is apt to produce gastric and intestinal irritation. The less easily 
absorbed antiseptics, such as naphthol, have been used with good 
results, and thymol is regarded as a specific in cases of uncinariasis. 
Large enemata of salt solution, or of infusion of quassia, are thrown 
into the rectum when the worms infest the large intestines. The 
anthelmintics proper may be divided into those which are used for 
tapeworm, of which tncde feniy eusso and 'pomegraruaU are the most 
largely used, and those for the round worm of which sardonin is the 
chief. Besides these, an enormous number of substances have been 
used jM)pularly as anthelmintics, but have not been shown to have any 
advantages over those more generally adopted in medical practice. 


Male Fern (Aspidinm Filix-mas). 

A number of ferns contain bodies which present considerable re- 
semblance to each other from a chemical as well as from a pharma- 
cological point of view, and which may therefore be classed together, 
at any rate until further information is available regarding them. The 
best known of these is the male fern (Aspidium Filix-mas). 

The active constituent of this remedy was supposed to be Mlmk Add by 
Poulsson, but Boehm has found a series of neutral and acid bodies present in 
much larger amount — AspulUiy Aspidinin^ Flavaspidic Acid^ Albaspidin and 
Anpidinolr^i which aspidin is contained in largest quantity in the root and is 
the most important, although aspidinin is also highly poisonous. A number of 
these constituents have been shown to be derivatives of phloroglucin, and it is 
probable that they are all closely related. The therapeutic and toxicological 
effects of the male fern are to be attributed then to aspidin, aspidinin, and filicic 
acid.^ 

Action. — ^The extract or oleoresin of male feru, which is the only one 
of these plants used in regular medicine, as a general rule passes 
through the bowel without causing any symptoms whatever; The 
quantity of active substance dissolved, while sufficient to destroy the 
parasite, is too small to produce any effects on the host, and escapes 
with the other contents of the bowel, or if absorbed does not cause any 
symptoms. In some cases, however, where large quantities are admin- 
istered, or where some unknown conditions favor the absorption and 
retention of an unusually large amount of the active constituents, grave 
and even fatal symptoms may supervene. These consist in vomiting 
and purging, with acute pain in the abdomen, muscular weakness, 
confusion and somnolence, with occasional twitching of the muscles, or 
slight convulsive movements, collapse, coma and death. The stomach 

* Nearly related bodies have been found in Aspidium atliamanticum (Uncomocomo), 
which contains two forms of Pannic Acid, and in Aspidium spinulosum, while. smaller 
quantities of acids occur in a large number of ferns. • 

^ Several of these ferns enjoy a leputation as anthelminics for tapeworm, and their 
virtues are generally^ct asidered due to these bodies, although Kobert maintains that 
it is partly to be ascribed to the fixed or volatile oils which accompany them. 
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and intestine are found congested and swollen, and sometimes covered 
with small ecchymoses. In some cases icterus has been observed to 
follow the administration of male fern, probably from the duodenal 
catarrh, but possibly from destruction of the red blood cells, the num- 
ber of which has been found to be diminished in some instances 
(Greorgiewsky). In other cases permanent or temporary blindness 
has resulted irom neuritis and subsequent atrophy of the optic nerve. 

In the rabbit, filicic acid produces very similar symptoms. The congestion 
of the stomach and intestine is evidently due to the local irritation produced 
by the poison, while the other symptoms point to changes induced in the 
central nervous system. It would seem probable that the spinal cord is 
affected in the same way as by strychnine, for the reflex excitability is dis- 
tinctly increased. The higher parts of the central nervous system seem to 
be dei)resscd, and the paralysis of the respiratory centre is the cause of 
death, although the heart is also weakened by filicic acid. Inflammation of 
the kidney is said by some authors to occur, and in some cases I*oulsson 
found evidence of glycuronic acid in the urine. 

In the frog, a mixture of ^pression and stimulation of the central 
.nervous system is produced by filicic acid, along with a distinct diminution 
in the strength of the skeletal muscles and the heart. 

Aspidin injected into the frog causes dyspntea followed by paralysis of the 
spontaneous and respiratory movements ; fibrillary twitching of the muscles 
sets in after some time and is succeeded by convulsive movements or tonic 
spasms, which indicate an increased activity of the reflexes of the spinal 
cord. The heart is depressed and eventually paralyzed, and the peripheral 
muscles are also weakened. The muscular tissue of the invertebrates is 
more powerfully affected by the constituents of male fern and Straub attributes 
its action on the tapeworm to its paralyzing muscle. Mammals do not seem 
to be affected by aspidin injected hypodermically or administered by the 
mouth, but when it is introduced directly into the blood vessels, it proves 
fatal by paralyzing the respiratory centre. Aspidinin induces very similar 
symptoms in the frog, while the other constituents are less active. 

The blindness which has been observM in some cases of male fern poison- 
ing has also been produced in dogs ; it occurs chiefly in young, weakly and 
anaemic in^vidual^. 

Fannie acid differs from filicic chiefly in its acting more strongly on muscle 
and less on the central nervous system of the frog, 

Peeparations. 

Aspidium (U.iS. P.), Male fern, the rhizome of Dryopteris Filix-mas and of 
Dryopteris marginalis, FilixMas (B. F.), Male fern, the rhizome of Aspidium 
Filix-mas. 

Oleoresina AsprDii (U. S. P.), 2-8 c.c. (J-2 fl. drs.). 

Extr ACTUM Filicis Liquidum (B, P.), 45-90 mins. 

The oleoresin (U. S. P.) and the liquid extract (B. P.) are i^ractically iden- 
tical in composition. 

Therapeutic Uses. — Male fern is used exclusively in the«treatment of 
tapeworm and of Anchylostomum duodenale. Previous to its admin- 
istration the bowel ought to be emptied, as far as possible, by a moder- 
ately light diet for one or two days and, where necessary, by a purgative. 
The oleoresin, or liquid extract, is then to be administered in the form of 
pills or enclosed in a capsule or suspended in mucilage, and another 
purgative is required some 6-12 hours later. In ease the parasite fails 
to be dislodged, several days ought to be allowed to elapse before a 
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second dose is given. Poulsson recommends that oily substances be 
avoided during the ^^cure,” as they dissolve the filicic acid, and thus 
promote its absorption. It is impossible to estimate the importance of 
this fact since Boehm has discovered the other active constituents, but 
it is certainly suggestive that in many eases of poisoning with male fern 
castor oil had been given along with it or soon after. Marked anaemia, 
jgencral debility, and chronic alcoholism seem to predispose to male-fern 
poisoning, and the drug is accordingly to be used with care* in these 
conditions. 
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Cusso. 

Cusso, or Kousso, contains a neutral body, Kosotoxhiy which is sol- 
uble in alcohol and in alkaline fluids, but is insoluble in water ; it is 
probably nearly related to the active constituents of male fern, which 
it resembles somewhat in its pharmacological action. 

Cusso has a bitter, somewhat astringent taste, and sometimes causes 
nausea and vomiting and some looseness of the bowels. In rare cases 
prostration and collapse, with irregularity of the pulse, are said to 
have occurred from its use. 

In the frog, kosbtoxin paralyzes the nerve ends like curara, and has 
a specific action on the striped muscular tissue, which it weakens and 
eventually paralyzes. The heart muscle undergoes similar changes. In 
mammals the muscular action is well developed, but is accompanied by some 
stimulation of the medullary centres, indicated by rapid, dyspnoeic breath- 
ing, salivation and vomiting. The stools are often fluid, and the urine is 
increased in amount. When it is injected directly into the circulation, some 
convulsive movements are often obseiwed, and the heart is weakened and 
paralyzed. Kosotoxin seems to be a general protoplasm poison, as is indi- 
cated by its action on muscle, and by its retarding the growth of yeast. 

Pkepabations. 

Cusso (U. S. P., B. P.) (Kousso or Brayera), the female infioresccnce of 
Hagetiia Abyssinica (Brayera anthelmintica). ^ 

Cusso is gei^rally given by suspending 15 G. (J oz.) of the powdered flowers 
in water. Kosotoxin has not yet been prescribed for therapeutic purposes. The 
usual preliminary treatment ought to be instituted, but no purge is required 
‘ after Cusso as a general rule. 

Therapeutic Uses. — Cusso is used exclusively as an anthelmintic in 
cases of tapeworm. , • 
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The bark of the pomegranate contains a very large amount of tannic 
acid (20-25 per cent.), along with numerous alkaloids, of which 
Petletieriney or Punidney and Isopunidne alone are active in ordinary 
doses. All the pomegranate alkaloids are closely related chemically 
to each other and to tropine (see atropine). None of them can be 
classed |raong the more active poisons as far as man and the higher 
animals are concerned. 

In man, large doses cause heaviness, confusion, giddiness and very 
marked weakness of the limbs. The consciousness is but little affected, 
but the sight is often dim and uncertain, and in one case complete 
blindness persisted for several days. Occasionally nausea and discom- 
fort in the abdomen are complained of, and more rarely vomiting, 
tremors and cramps of the leg muscles are produced ; the gastric symp- 
toms are perhaps due to the large quantity of tannic acid in the drug 
, rather than to the alkaloids. " 

In the frog and in most mammals, pelletierine causes a distinct increase in 
the reflex irritability of the spinal cord and medulla oblongata, along with 
some depression of the higher divisions of the central nervous system. Very 
large doses weaken or paralyze the conductivity of the nerve plates in tlie frog, 
like curara. The heart muscle is also acted on and its pulsations are slowed in 
tlio frog, although they may be tempomrily augmented in force. 

Pelletierine and isopunicine have a specific action on tapeworms, 
for Schroeder found that a solution of one part in 10,000 was suffi- 
cient to kill them in ten minutes, while a stronger solution had prac- 
tically no effect upon other intestinal worms. 

Preparations. 

Granatum (XT. S. P.), Granati Cortex (B. P.), Pomegranate bark, the bark 
of the stem and root of Punica Granatum. 

Decoctum Granati Coriicift (B. P.), J-2 fl. oz. 

Fluidextractum Granati (U. S. P.), 2 c.c. (30 mins.). 

Pellctiermm Tannas (U. S. P.), a mixture in varying proportions of the tan- 
nates of four alkaloids (punicine, isopunicine, methylpunicine and i)seudo- 
punicine), obtained from the pomegranate. Dose, 0.25 G. (4grK,). 

Granatum is used as a decoction formed of 30-60 G. (1-2 oz.) in 250 c.c. of 
water (J pt.), to be taken in two parts, at an interval of one hour. The .bark 
ought to be as fresh as possible, as the alkaloids decompose on keeping. The 
■presence of large quantities of tannic acid renders the decoction very unpleasant 
to the taste, and flavoring subshinces are therefore generally prescribed with it, 
or pelletierine tannate may be ordered. 

Therapeutic Uses. — Granatum is used exclusively as an anthelmintic. 
The preliminary treatment is the same as that given under aspidium, 
and a purge ought to be given J-2 hours after the decoction. 
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Eamala is a reddish-brown powder which consists of the minute glands and 
hairs obtained from the surfac*.e of the fruits of Mailotus Philippensis. It con- 
tains two or more substances which have been termed Kamalinj Botil&rin or Mai- 
loioxiUj and which are probably iieutM.1 bodies like kosotoxin, but it is not 
known which of these is the active constituent. Kamala is used in cases of 
tapeworm in doses of 2-8 G. (30 grs.— J* oz;) suspended iji water. It acts as an 
intestinal irritant, causing purging and, more rarely, nausea and vomiting. No 
purge is necessary, therefore, after the powder. An alcoholic tincture of 
kamala has been found quite as efficient as the powder. 

Pepo (pumpkin seed) contains a fixed oil and resin, and the lattipr seems 
to have considerable power as an anthelmintic, although this is disputed 
by some authorities. No symptoms are produced by very large quantities of 
the powdered seeds. 

Fepo (U. S. P.), the seed of Cucurbita pepo, Pumpkin seed, is generally 
administered in doses of 60-120 G. (2-4 oz.), the powdered seed being sus- 
pended in an emulsion or in sugar or honey. Pumpkin seed has no laxa- 
tive effect and its administration is, therefore, to be followed by a purge. 
The resin has been used with good effects in some cases. 

Santonin. 

Santonin (Cj,TT,j^ 03 ) is an anhydride or lactone of santoninic acid, 
which is formed from it by the action of alkalies, and is a derivative of 
naphtalene. It occurs in Artemisia pauciflora along with a nearly related 
body (artemisin) and a volatile oil (cineol). Santonin is very insoluble 
in water, but is dissolved bjr alkalies, with which it forms santoninates. 

Action. — Owing to its insolubility in water, santonin has only a 
slightly bitter taste in the mouth. It is partially dissolved in the 
stomach and absorbed, but enough passes into the bowel to cflTect the 
removal of some forms of intestinal worms. Under special conditions 
it is possible that the greater part of the santonin may be absorbed in 
the stomach, however, and general poisoning results without the para- 
sites being affected. A certain amount of absorption occurs in every 
case, as is shown by the disorders of color vision and by the yellow 
coloration of the urine. At first objects appear of a bluish color to 
the patient, but this aberration is of comparatively short duration and 
may in fact pass unnoticed. It is followed by a much longer period of 

yellow sight ” or xanthopsia, during which objects that are brightly 
illuminated seem to have a yellow tinge, blue seems green, and violet 
is indistinct, although in dimmer lights the violet may still predomi- 
nate. In severe poisoning the appreciation of the darker colors becomes 
very imperfect, and violet and even blue may fail to be distinguished 
from black. In general the violet end of the spectrum is shortened, 
while the yellow impresses the retina more vividly than normally.., 
Sometimes hallucinations” of vision are said to occur under santonin, 
although these seem to be unimportant ; thus one observer saw green 
globes on a violet background whenever he closed his eyes. These 
aberrations of sight are the most generally observed symptoms produced 
by santonin, but in some cases the senvse of taste and smell, and more 
rarely tlie hearing, are also deranged. These symptoms all*pass off in 
the course of a few hours, a second stage of violet sight occasionally 
intervening before complete recovery. 



ANTHELMINTICS. 

The symptoms produced by the absorption of large quantities of 
santonin are so uniform in man and the other mammals that it is suffi- 
cient to enumerate those observed in experiments on the dog. The 
first distinct effects are generally twitching of the muscles of the 
head, frequently beginning on one side. These are followed by roll- 
ing of the eyes, grinding of the teeth, flexion and extension of the 
neck and rotation of the head from side to side, later by regular epi- 
leptiform convulsions in which the animal is first thrown into opistho- 
tonos and then into clonic spasms of the limbs and trunk. These 
are interrupted by intervals of repose during which a curious momen- 
tary contraction of all the muscles of the body is often noticed; Dur- 
ing the convulsive seizures the respiration is irregular and insufficient, 
and in fatal cases it fails to return after the convulsion passes off, and 
the animal dies of asphyxia. In man, some confusion, nausea and 
vomiting occasionally occur after quantities which are too small to 
produce convulsions, and in several cases aphasia has been observed. 
In frogs, convulsions are produced by santonin as in mammals, but 
they are preceded by a. prolonged stage of depression, which is entirely 
absent in the higher animals. 

These symptoms manifestly point to changes in the central i .ervous 
system. The xanthopsia is generally referred to a specific action on 
the retina, though some hold that the central apparatus of vision in 
the brain is the seat of the action.' The condition has been ascribed 
to a preliminary stimulation and subsequent depression of the sense 
organs for the perception of the violet and eventually of the blue rays 
of the spectrum, or more precisely to some obstruction to the regener- 
ation of the substance in the retina which normally appreciates violet 
rays (E'ilehne). The clonic nature of the convulsions at once points 
to an affection of the brain rather than of the cord, but some dis- 
cussion has arisen as to how far the cortical areas are involved and 
how far the symptoms may be explained by stimulation of the basal 
ganglia. The latest investigators have come to the conclusion that the 
epileptiform convulsions are due for the main part to the stimulation 
of the cortex, while the sudden contractions observed in the intervals 
of repose are ascribed to increased activity of the parts lying between 
the cerebral peduncles and the medulla oblongata. The gray matter 
of this division of the central nervous system also seems involved in 
the clonic movements, although these are only elicited in their full 
strength through action on the cerebral cortex (Kramer). 

, Although these parts of the central nervous system are the most 
susceptible to the action of santonin, large quantities ^Iso affect the 
cord after division of the medulla oblongata and produce tonic con- 
vulsions resembling those seen in strychnine poisoning. 

The medullary centres seem to be comparatively little affected by 
santonin, the respiration being interfered with during the spasms, but 
returning I/O its ordinary rate and strength during the intervals. The 

1 The view formerly held that the yellow vision was due to a yellow pigmentation of 
the vitreous humor or the retina is undoubtedly erroneous. 
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Fluidextr actum SpigeVm (U. g. P.), 4-^ c.c. (1-2 fl. drs.). 

The fluidextract is used to remove round worms, which it seems to eifect in 
very much the same way as santonin. It ought to be preceded and followed by 
a purge. 

One of the volatile oil series w'hich is frequently used as an anthelmintic is 
that obtained from Chenopodium ambrosioides or American worm-seed. 

Oleum Chenopodii (U. S. P.), 0.2-0.3 c.c. (3~6 mins.). The oil is admin- 
istered on sugar or in an emulsion. 



PART 11. 

ORGANIC SUBSTANCES CHARACTERIZED 
CHIEFLY BY THEIR ACTION AFTER 
ABSORPTION. 


I. NARCOTICS OF THE METHANE SERIES. 
ALCOHOL-CHLOROFORM GROUP. 


A LARGE number of the derivatives of the methane scries are 
characterized by the production of depression of the central nervous 
system, more especially of the cerebrum, and some of them are per- 
haps the most extensively employed of all drugs. With the exception 
of alcohol, which has been known sinexi prehistoric times, the use of 
the members of this series scarcely extends over more than half a 
century. 

From the large number of subsbinces belonging to this division of 
organic chemistry which arc possessed of narcotic powers, it would seem 
that the combination of carbon and hydrogen in the form characteristic 
of this series is possessed of a special relation to the protoplasm of 
the nerve cells, or in other words, carbon radicles combined in open 
chain form are possessed of specific depressant powia’s. As a general 
rule the greater the number of these radicles contained in the chain, 
the more powerful the action, provided the substance is not changed 
so as to become incapable of absorption. Thus, in the alcohol series 
a regularly ascending scale of toxicity is met, commencing with methyl 
and ethyl and passing through propyl, butyl and am)d alcohols, of 
which each succeeding member is more poisonous than its predecessor. 
The later members of the series, however, become loss soluble in the 
body fluids, are less easily absorbecl, and therelbre less toxic. 


The toxicity of tlicse bodies may also be reduced or removed completely by 
the presence of acid-foi*ming groups. Thus al^oho^ 

is a powerful depressant, but propionic acid (CH3---OH2— COOH) is entirely 
inactive in this direction. Again, one hydroxyl group in a substance does 
not remove its narcotic action, while two hydroxyls reduce it very consider- 
ablv or mav destroy it entirely ; thus ethyl alcohol (CII3--AJH2OH) is prob- 
Slv q^rL active^ as ethane (bH,-CH,), but glycol (CH,OH_CH,OH) is 
alrno^ inactive. A still more striking example of the efiecte of seveml 
hvdroxvl croups is seen in the comparison of propyl alcohol (OH,-— t/Hj 
OH) with glycerin (CH,OH— CHOH-CH^OH), the former being a 
powe^l depressant, while the latter is practically devoid of any such action' 
ou the central nervous system. Compounds of the fatty series may also lose 
their characteristic effects by their combination with more active radicles. 
Thus ethane (C. is a member of the narcotic series, but ethyl nitrite 
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(CjHgO— NO) cannot be classed with it, because the —O ' — ^NO ^oup has a 
very powerful and entirely different effect ; very small quantities of ethyl 
nitrite are required to produce the nitrite effect, so that the depressant action 
is pushed into the background. Members of the methane series often lose 
their depressant action wheii combined with nitrogen so as to form substi- 
tuted ammonia. Thus trimethyl amine (N(CHj,)3) has no depressant action, 
although each of the methyl radicles alone would possess it. Again, the sub- 
stitution of a member of the aromatic series for one of the fatty substances 
sometimes changes the action from that characteristic of the alcohol-chloro- 
form group to that of the benzol series. For example, ether (CgHj. — O — 
is one of the most valuable an {esthetics, but if one ethyl radicle be substi- 
tuted by phenyl (CgHj. — O — it loses this property entirely. Others, 
however, retain their depressant action, as, for examjDle, acetophenone 
(C.H-CO-CHp. 


A very interesting hypothesis has recently been suggested by Meyer ^ 
and Overton ^ to explain why so many of the bodies of this series act 
as narcotics. Practically all of them are more soluble in lecithin and 
cholesterin than m water and accordingly when they reach the blood 
they tend to accumulate in the nerve cells, which are rich in cholesterin 
and lecithin. Here they may he supj)osed to partially dissolve these 
constituents, or, at any rate, to change their relations to the rest of tlie 
nerve cells and this derangement of their normal condition leads to 
impairment of the function of these cells, or narcosis. But many other 
substances (e. g., many of the benzol derivatives) possess these physical 
"properties equally with the members of the methane series, and yet 
induce ho narcosis proper, so that though the physical characters of 
these drugs may probably be important factors in their action, they 
cannot be held to determine it solely. 

It is impossible to enumerate here all the substances of this series 
which possess more or less depressant action on the nerve centres. A 
very large number of them have been the subject of investigation, but 
only a few of them have become established remedies. 

Among the hydrocarbons the fifth, Pentane, and the eighth, Octane, have 
been proposed as ansesthetics for short operations, but have never received 
an extensive trial. Some of the unsaturated hydrocarbons have also been 
suggested, such as Amylene, which was introduced by Snow, but was found 
to vary exceedingly in its properties, and proved to be a mixture of several 
isomers. One of these has lately been isolated and recommended for short 
operations under the name of Pental ( (CH„)2= C == CH — CHg). Another 
nnsaturated hydrocarbon which has been shown to possess narcotic proper- 
ties is Acetylene, but its action on the heart is said to preclude its use in 
practical therapeutics. 

Amiong the alcohols, Ethyl alcohol (CgH-HO) stands preeminent from its 
extensive use in •therapeutics as well as from its importance in dietetics and 
as a poison. Other alcohols have been found to resemble it in action, but die 
only one that has been introduced into therapeutics is Amylene hydrate, or 
tertiary isoamyl alcohol ( (CH3)2C(OH)CH2CH3), which has been recommended as 
a hypnotic. ^ 

The ethers contain one very important member in Ethyl ether ,(<02115)20), 
which is perhaps the best ansesthcric in use. 

* Arcli. f. exp. Path. u. Pharm., xlii., p. 109, and xlvi., p. 338. 

•Studien u. tl. Narkose. Jena, 1901. Gottlieb, Ergeb. d. Physiol., i., 2, p. 666. 
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Thf aUehydea possess narcotic properties, but ordinarily are irritant and 
of disagreeable odory so that they have not been used in therapeutics. ^ P ar - 
aldehyde (OgHjgOj), a polymer of ordinary aldehyde, is, however, one of the 
newer hypnotics. Several derivatives of the aldehydes have been in- 
troduced, such as Methylal (HCH(OCH3),) Acetal (CH3CH(OC3H3)„). 
Another important aldehyde derivative is Sulphonal ( (0113)30(80302113)3), 
which has received considerable attention of late years as a hypnotic. Two 
analogous compounds, Trional and Tetronal, in the first of which one, in 
the second both methyl groups are replaced by ethyl, are said to be more 
powerful than sulphonal. 

The only member of the ketones which has received attention at the hands 
of therapeutists, is Hypnone (OgH^OGOHj), which has been used as a hyp- 
notic. 

The eaters, or ethereal salU, have been but little used as depressants, and 
seem to be much weaker in action than the corresponding ethers.* Some of 
them, as amyl nitrite, owe their use not to the action of the alkyl radicle, but 
to -the acid with which it is compounded, and are therefore included in 
another group. One ester which has been used as a narcotic in therapeutics, 
and to a much gi*eater extent in animal experiments, is Urethane, the ethyl 
ester of carbamic acid (CO(NH3)(OC2H3)). Analogous compounds recently 
recommended as hypnotics are Hedonal(CO(NH2)(OC5H„) ), the carbamic ester 
of tertiary amyl alcohol, .Veronal, or diethyl imUonylurea ( (C2H5)3C(OONH)2 
CO), and Neuronal, or bromdiethylacetamide ( (CgHgjgBrC'COKirg). 

The aeids of the methane series possess little narcotic action as a general 
rule, and have not been used in therapeutics for this purpose, though butyric 
acid is said to have distinctly depressant effects on the central nervous 
system. When hydrogen atoms of these acids are replaced by chlorine or 
bromine, they acquire a much stronger action ; thus acetic acid is practically 
• devoid of narcotic action, while some of the chloracetic and bromacetic acids 
are narcotic. But their ejects on the other organs of the body preclude their 
use in therapeutics.'* 

Some of the most important members of this series are halogen substitution 
products, formed by replacing one or more atoms of hydrogen in the simpler 
substances of the fatty series by chlorine. This substitution often increases 
the narcotic power to a very great extent: methane (CH^) is practically 
not depressant, but if one, two, or three of the hydrogen atoms in the molecule 
be substituted by chlorine, forming CH3CI, CHgClg, and CHClj, the narcotic 
pov/er incj*eases with each Cl added. The best known of these is Chloroform 
(CHCL), which is the most powerful aiiasthetic in use. The analogous com- . 
pounds. Ethylene Chloride (CII3CI— CH3CI) and EthyUdine Chloride (CH3— 
CHClg), have fallen into disuse, but ethyl chloride (CgHgCl) has recently been 
recommended for short operations. Another important substitution product is 
Chloral, or chloral hydrate (CCI3CH (011)3), which is the hydrate of trichloral- 
dehyde (CCljCHO). An analogous compound is Butyl chloral, or Croton 
Chloral (03H,Cl3CH(0H)3). Chloretone or Aneson (trichlorpseudobutyJalcohol, 
00130(0113)3011’) and Isopral (trichlorisopropylalcohol, OOlsOHOHOHs) have 
recently been recommended as hypnotics. 

Several compounds of chloral have been recently introduced into thera- 
•peutics, such as Ohloralamide (COI3CHOH — ^NHCHO), which is a combina- 
tion of chloral with formamide, and Ohloralose (08H„0l303),^a compound of 
chloral and grape sugar. 

It has already been mentioned that the substitution of chlorine for hydro- ^ 
gen in the acids endows them with a narcotic effect. Another example of 

* Formaldehyde is used as a disinfectant. (See Formalin. ) 

* Vogd, Pjliiger’s Arch., Ixvii., p. 141. 

^ Mayer, Arch. f. exp. Path. u. Pharm., xxi., pp. 97, 119. Fold, ibid., xxiv.,^ 
p. 142. 
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the alteration of the properties of a substance by the substitution of chlorine 
for hydrogen is offered by glycerin, which in itself inert; becomes depressant 
to the central nervous system when its hydroxyl radicles are replaced by 
chlorine.^ ^ 

Some attempt has been made to introduce bromine instead of chlorine into 
the methane derivatives, because bromides are central nervous depressants, 
and it was hoped that a combination of the methane and the bromide effects 
could be thus obtained. * But, as will be explained, the bromides owe their 
action to the bromide ion, which is not present in these organic compounds. 
Etiiyl bromide (CjHgBr) has been used as an ansesthetic, and Bromoform 
(CHBrg) as a narcotic, but only to a limited extent. The analogous com- 
pounds formed with iodine possess a powerful action which is different from 
that of the other methane derivatives, and which precludes their use as nar- 
cotics. (See Iodoform.) 

The augmented effect of these halogen substitution derivatives has been 
explained by reference to a supposed depressant effect of chlorine and bro- 
mine upon Jhe bmin. But even though this were proved to be the case, it 
would not elucidate the matter, for chlorine is not set at liberty in the 
tissues when chloroform is inhaled, the molecule acting as a whole. (See 
page 24. ) 

The chlorine and bromine derivatives of methane are not only^m^re power- 
ful drugs, but also more powerful poisons than the ordinary compounds : 
much less chloroform is required to anajsthetize than methane, but much 
less is required to kill. In addition, these compounds, especially those con- 
taining chlorine, seem to have a more powerful action on the h^art and cir- 
culation and on the metabolism than the othei's. In other words, the chlo- 
rine bodies have a wider field of activity and are more nearly general 
protoplasm poisons. (See Chloroform.) 

All of the narcotics of the methane series resemble each other closely 
in their general action. This consists of a first stage of imperfect con- 
sciousness and confused ideas, followed by one of wild excitement, and 
eventually by complete unconsciousness, which may terminate in death. 
The second stage is much more marked after some of the series than 
after others, and is often entirely absent. It has given rise to the 
theory that these drugs stimulate the nerve cells before paralyzing 
them, but an alternative explanation is that the functions of control 
and inhibition are lessened, and the centres of motion are thus left free 
and act more strongly than normally. This question has been most 
discussed in regard to alcohol, and will receive greater attention under 
that heading. (See pages 133-135.) 

The depression of the central nervous system induced by these 
bodies is in the majority of cases accompanied by an alteration of the 
circulation of the brain in the direction of congestion or an8emia,^nd 
it was formerly believed that these drugs induced depression by caus- 
ing anaemia of the brain and thus starving the nerve cells. But this 
improbable explanation has been refuted by experiments in which all 
the blood of a frog was replaced by salt solution, and the brain cells 
thus deprived of nutrition before an anaesthetic was applied ; ^loro- 
form then induced the same changes as in normal animals. There is 
no question at the present time that these bodies act directly on the 

^Marshall, and Henih^ Jpnm. of Physiol., xxii., p. 38, and Kionka, Arch, intemat. 
de Pharmacedyn., viL, p. 475, give a r<Ssuin5 of the relation of the chlorine sutoi- 
tutes to the 8im])le methane derivatives. 
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nerve cells, or rather on the central part of the neurons. Binz sug- 
gested that the change was of the nature of a coagulation of the 
protoplasm, but this theory is not supported by microscopic investiga- 
tion, and more recently histologists have been inclined to regard tlie ef- 
fects of the central nervous depressants as associated with alterations 
in the distribution of the chromatin in the nerve cells. A simple 
explanation of nervous depression has been suggested in the retraction 
of the dendrites. These liner processes of the nerve cells are supposed 
to serve to maintain the .connection between the individual cells during 
consciousness by forming ramifications between them, while it is sug- 
gested that in natural sleep and in unconsciousness in general, the den- 
drites are withdrawn, and the cells are thus cut off from intercom- 
munication. Some changes which have been observed in the dendrites 
after narcotics might be explained in this way, but the explanation is 
only a hypothesis at present. There is, however, every probability 
that the nerve cell depressed by drugs undergoes changes similar to 
those of natural sleep and the changes in the brain circulation (anaemia) 
may be regarded as the result and not as the cause of the depression 
in both conditions. 

' While the members of this group resemble each other closely ii: their 
effects on the central nervous system, they are used for very different 
purposes in therapeutics and may therefore be discussed in three sub- 
groups : 1, alcohol; 2, general anaesthetics, and fl, narcotics or hyp- 
notics. It must be recognized, howevefr, that there is no hard and fast 
line dividing these subgroups ; for the anaesthetics, chloroform and 
ether, may be used in small (juaiitities to produce rest antftleep, and 
would then, strictly speaking, be narcotics ; while, on the other hand, 
chloral and sulphonal, which are generally usetl as hypnotics, give rise 
to complete anaesthesia when administered in large quantities. 

^ I. Alcohol. 

Ethyl alcohol (CHgCIIgOH) has been known in an impure form 
since the earliest times, and as far back as the history of medicine ex- 
tends, has been used as a drug. Its medicinal reputation has under- 
gone many fluctuations, by many held to be a panacea, by others it 
has been considered of little or no value as a remedy, but of the 
greatest importance as a poison. 

Alcoholic liquors are generally prepared by the fermentation of 
sugars, which either exist preformed in the fruits, or arc derived from 
starch by a preliminary ferment actionr Tlie simple liquors (wines and 
beers) generally contain only a low percentage of alcohol (2-20 per 
cent.), and the stronger preparations (spirits) are prepared from them 
by distillation, which raises the percentage to 30-60 per cent, and at 
the same time removes tlio non-volatile constituents. Spirits and 
liquors are* not, however, simple mixtures of alcohol and water but 
contain many other volatile substances, the character of which is little 
known, and which are called oenanthic ethers. Some of them have 

9 



130 OBGAmC DMUOS ACTINQ At^TER ABSORPitiON. 

been shown to be higher members of the alcoholic series, while others 
would seem to be of entirely different constitution. The name is de- 
rived from their giving the odor and taste, or bouquet, to wines. 

Pure alcohol is obtained from these spirits by repeated distillation 
and by special measures designed to remove the water. It is seldom 
used in medicine, some form of spirits, wine, or beer being prescribed 
instead. 

Action. — The value of alcohol in medicine depends upon three chief 
points : 1, its irritant local action ; 2, its action on the central nervous 
system, and 3, its value as a food. 

The irritant action is not so marked as that of many other substances, 
but is of much greater importance, owing to the habitual use of this 
drug. It is probably due at any rate in part to the withdrawal of 
water fjpm the cells and is shown by the results of its application to 
the skin, to wounds and to the mucous membranes. Applied to the 
skin in sufficient concentration (c. 60-90 per cent.), it produces red- 

ness, itching and a feeling of heat like other volatile and irritant sub- 
stances, such as the volatile oils. Alcohol is, however, much less 
irritant and at the same time more volatile than these, so that unless 
its evaporation be prevented, it may produce a sensation of cold and 
have little or no irritant action ; this is especially the case when dilute 
alcohol is used, no very distinct appearances of irritation of the skin 
being produced by solutions under 40-60 per cent. In ulcers and 
other unprotected surfaces, the irritant action is much greater and the 
cell division is accelerated, so that, judiciously applied, it may quicken 
the healing of such breaches of continuity. Concentrated solutions, 
however, cause a precipitation of the albumins, and act first as astrin- 
gents and later as corrosives, until they are diluted by the fluids of the 
wound. ‘ 

Its effects on mucous membranes are similar to those on wounds. 
In the mouth strong alcohol produces a burning, unpleasant sensation 
which passes to the throat and stomach when it is swallowed, and if the 
concentrated vapor be inhaled, it causes irritation and reflex closure of 
the glottis. The effects of alcohol on the digestive functions are so 
important that they will receive further attention (page 140), 

The action of alcohol on the Nervous Centres, differs a good deal in 
individuals. In small quantities it . generally produces a feeling of 
well-being and good-fellowship, along with increased confidence in the 
powers, mental and physical, of the subject of the experiment. Larger 
quantities are followed by a certain amount of excitement, marked by 
laughter, loqjaacity and gesticulation. The face becomes flushed and 
hot, the eyes brighter and livelier, the pulse is accelerated. Even at 
this stage self-control is partially lost and the will power is weakened. 
The speech may be brilliant, but it often betrays the speaker ; the 
movements are more lively, but ihey are often undignified. The loss 
of self-control is often indicated further by furious outbursts of anger 
and unreasonableness, or by the indulgence in maudlin sentimentality 
and sensual fancies. The sense of responsibility and the power of 



discrimination between the trivial and the important are lost, and 
the individual has no regard for the feelings of others or the ordi- 
nary conventions of life. If the bout be further continued, the 
movements become uncertain, the speech becomes difficult and stam- 
mering, the walk becomes a stagger, and a torpid slumber follows. 
Often nausea and vomiting set in, although these are entirely absent 
in some cases. On awaking from slumber^ very great depression is 
generally suffered from, together with nausea and vomiting, and want 
of appetite, which may last for several. days and is associated with all 
the symptoms of acute gastric catarrh. 

Very large quantities of alcohol lead to a deep, torpid sleep, which 
eventually passes into total unconsciousness, resembling the condition 
in chloroform ansesthesia ; the respiration becomes stertorous and 
slow, and the face, which has hitherto been flushed, becomes pale or 
cyanotic. This condition may last for several hours and end in death 
from failure of the respiration, but in other cases the anaesthesia be- 
comes less deep, and after a very prolonged sleep the patient recovers. 
When the stage of anaesthesia is reached, it lasts very much longer 
than that produced by chloroform and ether. It is said that persons 
rarely or never recover if unconsciousness lasts longer than TO-12 
hours after the drinking bout. 

The effects of alcohol vary greatly, however, in different individ- 
uals and in the same individual at different times. One person is 
rendered sentimental, another bellicose, while in a third there may be 
no appearance of excitement, the flrst distinct symptom being pro- 
found slumber. When drinking is indulged in in company, the excite- 
ment stage is a very common phenomenon, but if alcohol is taken 
without the exhilarating accompaniments of bright lights and exciting 
companionship, it is much less frequently seen, and the question has 
therefore arisen how far the environment produces the excitement in 
alcoholic intoxication. 

It may be stated at once that there exist two distinct views as to the 
action of alcohol on the central nervous system : the one stoutly upheld 
by Binz and his pupils, that alcohol first stimulates and then depresses 
the nerve cells ; the other championed by Schmiedeberg, Bunge and 
their followei-s, that it depresses the central nervous system from the 
beginning. The symptoms of excitement require no explanation on 
the first theory, which is rather to be looked on as the natural expres- 
sion of the facts observed. On the other hand, Schmiedeberg ex- 
plains them as not due to true stimulation of the motor areas, but 
as the result of these areas being freed from control by the weakening 
of the highest functions of the brain — the will and self-restraint. 
Even the smallest quantities of alcohol tend to lessen the activity of 
the brain, the drug appearing to act most strongly, and therefore in the 
smallest quantities, on the most recently acquired faculties, to anni- 
hilate thosC qualities that have been built up through education and 
experience, the power of self-control and the sense of responsibility. 

The question is a most difficult one to decide, for on the one hand it 
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has been shown that the simplest movement is the result of a combi- 
nation of motor and inhibitory impulses from the brain, while on the 
other hand the measurement of the relative strength of these impulses 
is one of the most difficult problems of biology. The advocates of the 
stimulant action point to the confidence in their own powers exhibited 
by intoxicated persons, to the brilliancy of the after-dinner speech, and 
to the excitement stage as evidences of the increased activity of the 
brain. But their opponents question whether the confidence is accom- 
panied by any really increased physical strength, and point out that 
the brilliancy of speech may be due to the environment and to the 
speaker having lost his habitual shyness and nervousness, and that the 
excitement is generally absent when the associations are different, or 
degenerates into a form which more distinctly resembles depression. 

More definite evidence for or against the stimulant action of alcohol 
has therefore been sought by comparing the amount of work which 
can be done with and without it; and an apparent confirmation of 
Bunge’s view has been found in the results of the use of alcohol by 
troops on the march, for repeated experience has shown that those regi- 
ments which were not supplied with alcohol marched farther and were 
in better condition at the end of the day than others to which it had 
been given. Forms of work requiring larger drafts upon the intel- 
ligence than the marching of soldiers are also performed less correctly 
with alcohol than without it ; thus typesetters can do more work and 
make fewer errors when they abstain from its use. The capacity for 
work depends not so much upon the actual strength of the muscles as 
upon the condition of the brain, and these experiments are therefore 
generally quoted as evidence of the depressant action of alcohol. 
Their results are not incompatible with the view that alcohol primarily 
stimulates the nerve cells, however, for Binz and his followers allow 
that the stimulation is transient and is followed by depression, and if 
a sufficient time elapse after the alcohol is taken, the stage of depres- 
sion is elicited and the total work may thus be reduced. A more exact 
method of examining the initial effects of alcohol on work is afforded 
by measuring at different intervals after the drug is given the work of 
which a muscle is capable before it is completely fatigued. This has 
been done in a number of experiments with the ergograph and the 
dynamometer, which have not all given the same result ; the majority 
of the investigators hold, it is true, that the initial effect of small 
quantities is to increase the capacjity for work, but this effect is a tran- 
sient one and is quickly followed by a marked loss of power (Hellsten) ; 
in fatigue the stimulating effc(;t is much more evident than in untired 
muscles, and all observers are agreed that only the smallest quantities 
elicit this action. The interpretation of the observation is disputed, 
some regarding the initial increase of capacity as evidence of transient 
cerebral stimulation, others attributing it to the alcohol acting as a 
muscle food or affecting the peripheral nerves. 

The measurement of intellectual work is, of course, much more 
difficult, and the results are veiy liable to misinterpretation, but 
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Kraepelin found in a series of careful measurements of the simpler 
cerebral processes that the receptive and intellectual powers were weak- 
ened by very small quantities of alcohol, while the motor functions 
seemed to be facilitated by small, and retarded by large quantities. 
For example, a person under even a small dose of alcohol makes more 
errors than usual in adding a row of figures and in reading a series of 
unconnected syllables, and apparently recognizes letters and words 
somewhat more slowly. It is interesting to find that the subject of the 
experiment is quite unaware of the inferiority of his work and is often 
persuaded that it is unusually good. Kraepelin’s latest investigations 
tend to show that this effect of alcohol lasts much longer than is gen- 
erally recognized, the mental equilibrium being reinstated only 12-24 
hours after even very moderate indulgence in alcohol. He leans to 
the view that alcohol weakens and paralyzes some parts of the brain, 
while primarily stimulating others, but brings forward no new evidence 
that this stimulation is not fictitious and really due to the removal of 
the barriers of self-restraint by the paralysis of higher areas. Jacobj 
found that small differentscs in weight could be estimated more correctly 
under alcohol than in the normal condition of the brain, and this would 
seem at first sight to indicate primary stimulation, but he believes that 
the true explanation is a retardation of the cerebral processes. The 
sensation of pain is also found to be lessened by even small quantities 
of alcohol. No unequivocal evidence of the initial stimulant action on 
the brain has yet been adduced, for each new feature may be inter- 
preted as really due to the depression of controlling or inhibitory func- 
tions. Of course, there is no absolutely convincing proof that no 
stimulation of the motor areas occurs, and no physiological proof of 
the existence even of controlling areas can be adduced, much less of 
their paralysis by alcohol. On the other hand, no other known drug 
stimulates the motor areas only, without increasing the activity of the 
lower parts of the system at some stage of its action, and the advocates of 
the stimulant action have to consider chloroform and ether also brain 
stimulants, for they cause a stage of excitement very similar to that pro- 
duced by alcohol, and, in fact, have been used as habitual intoxicants. 

Acute alcoholic intoxication Iciids to very distinct alterations in the histo- 
logical ap}>earance of tlie cells of tlie central nervf)iis system, which have 
hcen described by Dehio, Stewart and others. Tin*, chied’ cliange noted by 
them consists in replacement of the chromatin network by fine ^I’anules, 
which in turn seem to be(!ome dissolved in the fi^eneral cytoplasm. Staining 
reagents, therefore, give rise to a diffused coloration of the c(;ll rather than 
t ) localized masses of color, such as are seen in ihe normal cell. Tlie den- 
drites are shortened and exhibit rounded iiodosites along their course. 

In the lower parts of the central nervous system the evidences of 
primary depression are less open to question. For example, the coor- 
dination of the movements suffers at an early stage in alcohol drink- 
ing, long before the generally recognized forms of lack of coordination, 
such as indistinct speech and staggering, appear. In the spinal cord 
alcohol causes a depression of the reflex irritabilitj', which passes into 
complete paralysis some time before the respiration ceases, 
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The medulla oblongata is the last part of the central nervous system 
to be acted on by alcohol, or at any rate to undergo complete pa- 
ralysis. The Respiratory and Circulatory Centres preserve their func- 
tions long after the occurrence of complete unconsciousness and the 
disappearance of the ordinary reflexes. The same question has been 
raised in regard to the respimtory centre, as has been already dis- 
cussed in the consideration of the brain, and the same two opposing 
views have been upheld. These are of greater importance as regards 
the respiratory centre, because the advocates of the stimulation theory 
advise the use of alcohol in conditions of the respiration in which 
it is directly contraindicated if the other view be the correct one. 
The question here is apparently much more simple, because the ac- 
tivity of the respiratory centre can be estimated directly by measuring 
the number of the respirations and the amount of air inhaled during 
each ; but a large number of such experiments have been performed 
with very varying results. If the number of the respirations be 
counted in a person in the excitement stage of alcoholic intoxication, 
it is often found to be much greater than normally, but this may be 
due to the muscular movements and need not indicate any direct action 
of the drug on the medullary centre. And, of course, this excitement 
stage is not elicited in therapeutics, and the value of alcohol as a res- 
piratory stimulant must therefore be estimated in cases in which no 
such excitement is caused. A number of such estimations have been 
made in man and animals, and on the whole the evidence shows that 
in man even when no excitement is produced and in some instances 
even when sleep follows, the amount of air inhaled is larger than before 
the drug was administered (Jaksch, Zuntz and Berdez, Geppert, 
Weissenfeld, Wendelstadt) ; the increase is generally more evident 
when alcohol is taken during fatigue and exhaustion than in ordi- 
nary conditions. This may not indicate a direct stimulation of 
the respiratory centre, however, for the increase is often not greater 
than that following an ordinary meal, and may therefore be attrib- 
uted to the respiratory centre being indirectly affected by the activity 
of the stomach and intestine. And it is to be noted that alcohol 
may have more indirect effect on the respiration than ordinary food 
because it is so much more irritant to the stomach wall. These 
exj>eriments failing to determine whether the respiratory centre is 
directly stimulated in man, another method has been employed by 
Loewy in which the excitability of the centre was estimated by its 
response to the stimulus of an increase of the carbonic acid in tli<S 
blood. Uiifortiimitely, his experiments were too few to permit of 
general inferences, but they lend no support to the theory that the 
irritability of the centre is increased. There is therefore no sufficient 
evidence that the respiratory centre is directly stimulated in man and 
the increase in the amount of air inhaled may be due to th^ peripheral 
action of alcohol. " , ‘ 

In the dog, no acceleration of the respiration occurs after alcohol, while 
in the rabbit, on the other hand, the respiration is much accelerated, and 
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the amount of air inhaled shows a corresponding increase. Jacquet has 
attempted to show that this is due to the local action of the alcohol, and not 
to any direct effect on the nervwis sytem, but his results have been disputed 
by Wilmanns ; Singer also refuses to recognize the changes in the rabbit’s 
respiration as an indication of direct action on the respiratory centre and is 
disposed to attribute them to the irritation of the stomach and the increased 
muscular activity which is rendered necessary by the loss of heat entailed 
by the dilatation of the cutaneous* blood vessels. 

In short, there is no unequivocal evidence that the increase in the respi- 
ration under alcohol in health is due to direct stimulation of the respiratory 
centre, while on the other hand, no depression of the activity of this centre 
occurs except at a late stage of alcohol poisoning. Alcohol is often said to 
slow the respiration in fever patients and to stimulate it in cases of shock. 
In the first case, however, there need be no direct action on the respiratory 
centre, for it seems much more likely that the improvement (when present 
at all) is due to the alcohol lessening the excitement through its narcotic 
action. The pathology of shock is so little understood that it would be use- 
less to attempt to explain its therapeutics, but if, as is held by many, shock 
is a condition of great inhibitory activity, the action of alcohol may be 
explained by its depressant effects, while on the other hand, it is difficult to 
explain these two contradictory effects on the theory that alcohol is a 
stimulant. 

The whole question might bje supposed to possess merely theoretical 
interest ; in cases in \yhich the respiration is insufScient it would seem 
that it is of little moment whether it is improved by a direct increase 
in the activity of the centre, or by some peripheral action. This is 
not correct, however, for if the respiration is increased only to cope 
with the products of the augmented activity of the alimentary tract, 
the general economy may profit little. On the other hand, if the air 
inspired is augmented in a greater ratio than these products, as is the 
case when the centre is directly stimulated, the advantage to the organ- 
ism is correspondingly great. 

The action of alcohol on the Circulation is no less disputed than that 
on the respiration, and the same divergence exists in the statements of 
the supporters of the stimulation theory. The real foundation for this 
view is here again the acceleration of the pulse during the excitement 
of alcoholic intoxication, which may be due to the increased muscular 
effort and not to any direct action on the heart. Jacquet has shown 
that the pulse rate is unaltered by alcohol in normal cases, provided 
that no excitement be produced by the environment. In animals 
alcohol has no effect on the pulse rate, unless given in very large quan- 
tities, when it produces effects similar to those described under chloro- 
.form and ether — weakening of the auricular systole, and later of the 
ventricular, with distention of both cavities and slowing. The effects 
of alcohol on the heart are, however, very much less marked than 
those of chloroform, for Dieballa found that 48 times as much alcohol 
as chloroform was required to modify the movements of the frog^s 
heart, and that in order to bring it to a standstill 192 times as much 
alcohol ‘Wfffe required. Loeb has recently shown that the cat^s heart 
continues to beat strongly when a 2 per cent, solution of alcohol is 
perfused through the coronary vessels. Alcohol having been shown 



136 OBGANIC DBUGS ACTING AFTEB ABSOBPTTON. 

Fjc. 2. 



Tracing of the dog s ventricle under alcohol. 8 c.c. (2 drs. ) of 50 per cent, alcohol were injected into 
a vein during this tracing, but no effect whatever is visible in the movement of the heart. During 
systole the lever moves upwards during diastole downwards. (The tracing is to be followed from 
left to right.; 
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not to increase the rate of the heart, its advocates have begun to state that 
the force of the contraction is augmented, without, however, bringing 
forward any evidence of this worthy of attention. In animal experi- 
ments it has been shown that the first effect of alcohol on the heart is 
lessened efficiency and weakness of the contractions. (Figs. 2 and 3.) 

The flushing of the skin which occurs in alcoholic intoxication would 
, seem to point to some vascular action, but it is impossible to say at 
present what the nature of this action is. It indicates dilation of the 
skin vessels, but whether this is. of central or peripheral origin, whether 
due to stimulation of dilator centres or paresis of vaso-constrictors, is 
unknawn. The widening of the blood path through this dilation is 
but slight, and produces little or no fall in the general blood-pressure. 
Very large quantities of alcohol cause a marked fall in the arterial 
tension, through weakening the vaso-constrictor centres and the heart 
muscle, but the quantities of alcohol required to cause any great fall 
in blood-pressure are far in excess of those used in therapeutics. It 
has been suggested that the widening of the arteries may in itself 
relieve the heart by lessening the resistance against which it has to con- 
tract, but it has yet to be proved that any marked dilation of the vessels 
occurs before the direct action on the heart muscle. Some evidr'uce of 
this is forthcoming, it is true, for Hammeter found the velocity of the 
blood current increased by alcohol, but he does not state the quantity 
used in his experiments. 

The slowing of the heart which often follows the administration of 
alcohol in fever, would seem due rather to its diminishing the cerebral 
excitement than to its direct action on the heart. On the other hand, 
the alleged improvement of the circulation in shock may be due to a 
reflex from the irritant local action, and certainly would not seem to 
require any direct cardiac action for its explanation. 

Alcohol has little etfect on Muscle or on peripheral Nerves when it is carried 
to them by the blood, but T^ee sbites that frog^s muscle is stimulated by small 
quantities and weakened by larger amounts. When a frog’s nerve is exposed to 
alcoholic vapor its irritability is first incTeased and later diminished if the 
quantity applied be large enough. This fact has been used by Scheflier to exjilain 
the results of ergographic experiments in which the amount of work <lone under 
alcohol is at first augmented. He regards this augmentation as due not to central 
stimulation, but to tlie peripheral x>roces.ses being facilitated. The sensoiy 
fibres arc said to be depressed before the motor. 

The effect of alcohol on the Digestion has been the subject of many in- 
vestigations, both from the eiinieal and the experimental point of view. 

* There exists a widespread belief in both lay and medical circles that 
small quantities of alcohol taken before a meal increase the appetite, 
while after food they accelerate the digestion. It is obvious that 
alcohol may affect digestion either by altering the activity of the fer- 
ments in the digestive canal, or by altering the secretion, movement, 
or absorption of the stomach and intestine. The digestive power of 
the fermenUs outside the body has been found to be unaltered or 
slightly increased when alcohol is present in very small quantity. Jp 
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a solution of 5-10 per cent, of alcohol or of spirits, however, the gas- 
tric juice digests very much more slowly than normally, and the pan- 
creatic secretion is alfected prejudicially by even smaller quantities. 
(Chittenden and Mendel.) Veiy large quantities of alcohol precipitate 
the proteids, but it is unlikely that sufficient alcohol to produce this 
effect ever remains in the stomach for any length of time. The malt 
liquors and wines are much more detrimental to the digestive ferments 
than pure alcohol or spirits, and the augmentation of the activity of the 
ferments is so slight in any case that it, does not seem likely that it 
plays any important role 'in the effects of alcohol on the stomach. 

The presence of alcohol in the mouth causes (according to Chitten- 
den, Mendel and Jackson) a very appreciable increase in the secretion 
of the saliva, presumably by reflex action. As regards the action on 
the stomach watt, it is to be remembered that alcohol, even in compar- 
atively dilute solution, is an irritant, and therefore leads to increased 
activity of the cells, a more active circulation in the organ, and prob- 
ably to a more rapid secretion of both acid and solids of the gastric 
juice. But apart from this local action on the stomach, it appears to 
exert a specific action on the secretion after its absorption into the cir- 
culation. For when it is injected into the dog^s rectum, a profuse 
secretion from the gastric mucous membrane follows, and when part of 
the stomach is isolated from the rest of the organ, so that alcohol given 
by the mouth fails to enter it, this part still shares in the secretion. 
According to Eadzikowski, the pepsin secretion is not always cor- 
respondingly augmented, the alcohol not accelerating the formation of 
pepsin from propepsin but merely leading to the secretion of the pepsin 
preformed in the cells. Similar effects have been obtained in man by 
Spiro, who administered alcohol by the rectum. It has been further 
demonstrated that the absorption of fluids from the stomach and bowel 
is much accelerated by the addition of alcohol (Brandi, Scanzoni, Farn- 
steiner, Tappeiner), and the movements of the stomach are also aug- , 
mented by moderate quantities. (Klemperer, Batelli.) 

Digestion in the stomach may thus be influenced in two opposite di- 
rections when alcohol is administered in the usual form of wine, spirits, 
or beer. The action on the ferments is deleterious while the changes 
in the stomach wall, the increased secretion and movement and the 
accelerated absorption, are beneficial in many cases. These two opposing 
factors may neutralize each other, as in the dog in which the rate of diges- 
tion is scarcely altered, the retarding effects of alcohol on the proteolysis 
being compensated for by the more abundant secretion of the juice, • 
which continues after the alcohol is absorbed, and therefore after its 
deleterious effects on the fermentation have disappeared. (Chittenden, 
Mendel and Jackson.) In man the result varies, the one factor pre-/ 
dominating in some cases, the other in others. Thus, while Kretschy 
and Buchner found that the digestion of proteids in the human stomach 
was distinctly retarded by alcohol and beer, Eichenberg, Wolffhardt 
and others state that small quantities of alcohol or wine accelerate the 
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digestion, and Gluzinsky came to the conclusion that as long as alcohol 
remains in the stomach the digestion is retarded, but that after its ab- 
sorption the digestion progresses more rapidly than if no alcohol had 
been given. Zuntz and Magnus-Levy have shown that the addition of 
beer to the dietary does not affect the absorption and utilization of the 
food by the tissues. It is not unlikely that the taste has some influ- 
ence on the result, that in those who enjoy the taste of alcohol, it in- 
duces a more rapid secretion and an improved digestion, while in those 
to whom it is disagreeable, the seci*etion is less altered. 

The divergence of opinion exists only in regard to the effects of 
small quantities, for all are agreed as to the deleterious action of any 
but moderate doses of alcohol on the digestion. After large quantities 
the irritation of the stomach wall is so great that nausea and vomiting 
are induced. There is every reason to suppose that this is due to the 
local irritation, and not to the action of the absorbed alcohol on the 
nervous centres. A large dose of concentrated alcohol sometimes 
leaves evidence of its irritant action in redness and injection of the 
mucous membrane and, it is said, in ecchyinoses, but in most cases 
of fatal poisoning no such appearances are to be observed after 
death. 

Is Alcohol a Food ? — This has long been discussed, and that with 
more passion and prejudice than are generally elicited by pharmacolog- 
ical questions. It was formerly supposed that the alcohol absorbed 
from the stomach was excreted unchanged by the lungs, skin and 
kidneys, and therefore gave up no energy to the body in its passage 
through it. But it has been shown that only the small amount of 
from 5-10 per cent.^ of the ingested alcohol is really excreted in this 
way, and that mainly by the kidneys and lungs, the skin taking prac- 
tically no part in the excretion. The rest of the alcohol absorbed 
from the stomach and bowel, amounting to over 90 per cent., undergoes 
combustion. The fact that none of the products of the combustion 
have been isolated from the body does not invalidate this statement, 
for the corresponding products of sugar are not known, but there is no 
doubt that sugar is oxidized in the body.^. According to Grehant^s 
recent work, the oxidation of alcohol progresses slowly, appreciable 
amounts being found in the blood twenty-four hours after its ingestion ; 
this accords with Kraepelin^s statement that its effect on the brain can be 

* Recent investigations suggest that even this is too high a valuation tor the alcohol 
excreted and that only 2-3 jier ceiit. of that ingested escapes oxidation. In i^rticular 
there seems reason to question whether anything more than traces escafie by the Jung^ 
A very small quantity appears in combination witli glycuronic acid in the urine of 
some animals, notably tlie rabliit. 

•It has been suggested that the oxidation of alcohol in tlie body may not give rise 
to the same products as its oxidation in the chemical laboiHlory. If aldehyde were 
formed it would be excreted in part by the lunra and kidneys, for aldehyde injected 
into the blood at once appears in the breath and urine. Acetic acid has never been 
identified with certainty after alcohol, but formic acid is excreted after methyl alcohol, 
and it therefore seems pi-obablc that ethyl alcohol is oxidized to acetic acid immediateb’ 
and that this at once undergoes further decomposition. 
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detected for 12-24 hours. In undergoing combustion alcohol gives up 
energy to the body, and therelbre is technically a food. This statement 
has met with a great deal of opposition, and the mere fact that alcohol 
gives up energy to the body does not constitute it an advisable food in 
all conditions. For example, the (iiiestion might be raised whether 
alcohol does not require an amount of energy for its absorption equal 
to that liberated by its combustion, or whether its action on the nervous 
centres does not produce a greater waste of force than the food itself 
supplies. Both of these have been answered by experiments in which 
the carbonic acid excretion of the body has been measured before and 
after alcohol. Zuntz and Berdez and Geppert have shown by this 
method that after alcohol is taken, a slight rise of 5-10 per cent, occurs 
in the output of carbonic acid ; that is, a small amount of extra com- 
bustion goes on, a certain amount of energy is required for the absorp- 
tion, but this is not greater than that required for the absorption of 
any other form of food. And the total amount of carbonic acid ex- 
creted in 24 hours is not appreciably altered by alcohol, so that alcohol 
taken in addition to the ordinary food is either itself transformed into 
tissue, or undergoes oxidation instead of some substance which in turn 
is used to build up the body. Strassmann has shown that animals that 
receive alcohol tend to lay on more fat than others receiving the same 
food without alcohol, and this is in accord with the common observa- 
tion of the obesity of alcohol drinkers. Alcohol, therefore, acts as a 
substitute for fats and carbohydrates in the food to some extent. 

It has long been recognized that when insufficient fat and carbohy- 
drate is supplied to the body, the proteids are drawn upon to make 
good the deficiency and the nitrogen eliminated rises accordingly. On 
the other hand, when the fats and carbohydrates of the food are in- 
creased, the organism economizes its proteid and the nitrogen tends to 
fall. This is the most accurate method of testing the food value of 
non-nitrogenous substances, and alcohol has been the subject of a num- 
ber of such investigations. The divergent results have given rise in 
the last few years to a series of experiments which promise to become 
classical for the extraordinary patience and conscientiousness exhibited 
by those engaged in them as well as for the complete agreement in the 
results obtained by investigators who approached the subject with 
opinions which were diametrically opposed. These experiments, which 
may be cited as models of investigations in metabolism, were performed 
by Neumann, Atwater and Benedict, and liosemann and his pupils. 
The results may best be illustrated by an account of Neumann^s 
first experiment. 

This lasted 35 days divided into six periods. The proteids of the 
food and the carbohydrates remained constant throughout while alcohol 
was substituted for part of the fat for some time (see Fig. 4). Dur- 
ing the first five days, the nitrogen excreted was practically .equal to 
that of the food (nitrogenous equilibrium), while during the next four 
days one half of the hit of the food was omitted and the immediate result 
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was an increase in the nitrogen excreted, indicating that the proteids of 
the body were being drawn upon to make good the deficit in the fat of 

Fig. 4. 



The effect of alcohol on nitrogen elimination. The wave-line represents the nitrogen excreted. It 
rises rapidly in the second period when the fat of the food was reduced to one half/ but soon falls in 
the third period whore alcohol was substituted. 300 g. of alcohol is chcniicully equivalent to78g. 
of fat. ( After N jeumann. ) 

the food. The next ten days a quantity of alcohol chemically equivalent 
to the fat deficit was taken and the nitrogen elimination slowly fell to 
the normal (equilibrium). In the firot five days of this period, however, 
the nitrogen remained high, showing that alcohol did not at fii’st replace 
the fats completely. In the fourth ])eriod of six days, the same 
amount of fat was given as at first, while the alcohol was continued, 
and the nitrogen fell much below the amount ingested ; i. e., the alcohol 
again led to a saving of the proteids. Next, both alcohol and fat 
were omitted for four days and the protcid tissues were again drawn 
upon. Finally the original diet was resumed and the nitrogenous 
equilibrium was at once restored. From this experiment Neumann 
drew the conclusion that alcohol can replace a chemically equivalent 
amount of fat in the dietary, for otherwise the nitrogen would not 
have returned to the normal toward the end of tlie third jxjriod ; and 
alcohol given along with a sufficient dietary leads to a further economy of 
the proteids just as additional fat would ; otherwise the nitrogen would 
not have fallen below the point of equilibrium in the fourth period. 
Certain objections which were made to this experiment by Rosemann 
, have been refuted by his own work and by Neumann’s, so tliat both 
investigators are now in accord. 

The final result of all these investigations is that alcohol can take 
the place of some of the fat in the food, and leads to the same economy 
of protcid as the ordinary non-nitrogenous ox)nstituents of the dietary. 
The first three or four days during which alcohol is substituted for fat 
it has litMe or no tendency to economize the proteids, but this is true 
of other forms of food also, any sudden change in the non-nitrogenous 
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food leading to a temporary increase in the nitrogen excreted, which 
persists until the tissues have become accustomed to the new dietary; 

Metabolism. — It was formerly supposed that alcohol economized the 
body tissues in some ill-defined M^ay, by means of a direct action on 
the protoplasm of the cells ; as it was expressed, alcohol lessened the 
combustion of the tissues. There is no reason to suppose that alcohol 
in ordinary quantities has any action on the tissues save as a food, for, 
as has been mentioned, the oxidation of the tissues as measured by the 
oxygen absorbed and the carbonic acid exhaled is only affected as it is 
by any other food. When very large quantities of alcohol are taken, 
and depression and sleep follow, the combustion of the body is reduced, 
not through any action on the protoplasm generally, but through the 
muscular movements being lessened. In the same way, during the ex- 
citement stage, the carbonic acid exhaled is doubtless much increased, 
because more energy and more of the body tissues is used up in the 
’ violent movements. Of course, the oxidation of alcohol by the tissues 
saves fat from combustion, and it is possible that some bodies which 
would normally be oxidized in the organism may pass through it un- 
changed in the same way ; thus it is stated that less benzol is oxidized 
in animals under the influence of alcohol than in unpoisoned ones. 
The influence of alcohol on the uric acid excretion seems to vary with 
the individual, for while no definite change has been observed in some 
cases, even when large quantities of alcohol were taken, Beebe found 
a distinct increase in the quantity excreted under moderate doses. He 
ascribes this result to alcohol disturbing the functions of the liver, and 
further evidence of this action has been found by Paton and Eason in 
the lower proportion of urea to the total nitrogen of the urine. 

The Temperature of the body falls somewhat after the administration 
of alcohol, but this is not due to any diminution in the oxidation and 
in the heat formed, but to the greater output of heat from the dilation 
of the skin vessels. The fall in temperature is comparatively slight, 
seldom being more than C., but it would seem that exposure to 
cold causes a greater fall in the temperature after alcohol than in nor- 
mal conditions; this is perhaps due to the temperature-regulating 
mechanism being rendered less sensitive by alcohol. 

The fall in temperature produced by alcohol is generally accompa- 
nied by a feeling of heat, and a thermometer applied to the skin may 
actually show a rise of several degrees, because more warm blood flows 
through the dilated vessels. If much excitement and movement follow 
the ingestion of alcohol, no fall in the temperature may result, the in-, 
creased heat formed during the movement compensating for the increased 
output, and in some cases a rise of temperature occurs from the same 
cause. Very large quantities of alcohol may lead to a fall in temper- 
ature of 3-5® C., owing to the lessened movements during uncon- 
sciousness. 

The alcohol which escapes combustion in the tissues is excreted by 
the kidneys and perhaps by the lungs. Traces are sometimes found 
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in the sweat and milk, but there is no foundation for the legend that 
children may be intoxicated, or acquire a taste for strong drink from 
the alcohol absorbed in the milk of a drunken mother or wet-nurse. 
The amount and quality of the milk are unaffected by the adminis- 
tration of alcohol ' (Rosemann). Brauer states that alcohol is elimi- 
nated in some quantity in the bile and is then reabsorbed in the intes- 
tine. This is more marked in the case of amyl alcohol than in that 
of ethyl alcohol, and the appearance of alcohol in the bile is accom- 
panied by albumin, epithelial, cells and cjists of the finer bile ducts. 

Although alcohol seems to increase the urine to some extent, it can- 
not be said to be a powerful diuretic in itself, and it is quite unknown 
whether it acts on the kidney directly or not. Some of the spirituous 
liquors such as gin, produce a profuse secretion of urine, but this is 
due to their other constituents, and not to the alcohol. 

Alcohol is generally credited with aphrodisiac powers, that is, with 
increasing sexual desire, although no less an authority than Shake- 
speare states that it prevents the consummation of sexual intercourse, 
The unquestionable tendency toward sexual excess observed in intoxi- 
cation is due, not to any effects on the generative organs, but to the 
loss of self-control from the cerebral action of the poison. 

Alcohol possesses only a weak antiseptic action, for while the 
growth of some bacteria is delayed soniewhat in a 1 : 1000 solution, 
many grow abundantly in 4 per cent, alcohol, and some in even 
stronger solutions. Its disinfectant action has been the subject of a 
number of researches recently and has been found to vary with the 
conditions. Dry bacteria may be exposed to absolute alcohol for 
twenty-four hours without losing their vitality, while 60-70 per cent, 
alcohol is fatal to them, and also to moist organisms. The explana- 
tion of this curious observation seems to be that alcohol fails to pene- 
trate microbes unless in the presence of water. In less than 40 per 
cent, the action is very slow, so that the limits of alcohol as a disin- 
fectant may be placed at 50-70 per cent. ; in this strength it is 
equivalent to about 3 per cent, carbolic acid, provided that it does not 
cause large precipitates of proteid. Many bodies which are antiseptic 
when dissolved in water have comparatively little effect when dis- 
solved in alcohol. (Compare p. 48.) 

It has long been recognized clinically that persons addicted to the use 
of alcohol show less resistance in acute disease and in operations accom- 
panied by shock than more temperate individuals, and in very intem- 
' perate cases, the prognosis must be guarded in an attack which would 
ordinarily be accompanied with little danger. This has been confirmed 
by a number of experiments on animals which were subjected to treat- 
ment with alcohol and then inoculated with pathogenic germs 
(Laitinen). The results have invariably shown a greater susceptibility 
to infection and a greater mortality than in control animals which had 
received no alcohol. A similar efect was observed when toxines were 
injected instead of bacteria, and great difficulty was encounter^ in 
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rendering animals immune to the diphtheria toxin if they had pre- 
viously been treated with alcohol. Various explanations of this 
reduc^ resistance have been given, Rubin ascribing it to paucity or 
inactivity of the leucocytes, while Abbott and Bergey found a reduc- 
tion in the hemolytic complement, which suggests that the suscepti- 
bility to infection may be due to the failure to form the specific com- 
plement to the bacterial toxin. It is often stated that alcohol given 
in the treatment of infectious diseases must have a similar deleterious 
effect on the resistance of the tissues, but this has not been shown to 
bo the case, and some observers (Hare, Friedberger) indicate that it 
favors the defence of the organism. 

Repeated doses of alcohol produce tolenince, which, although not so 
great as that acquired for morphine and nicotine, involves the pre- 
scription of double or triple doses, in persons addicted to drinking. 
The close relationship between the narcotics of the fatty series is 
indicated by the fact that much more chloroform or ether than usual 
is required to anesthetize persons in whom a tolerance for alcohol has 
been established. 

Methyl alcohol, or wood alcohol, has assumed great importance lately from 
a large number of cases of poisoning having occurred from its being substituted 
for ethyl alcohol as an intoxicant, or in some patent remedies. In animal 
exi)eriments it is found that given in single doses it is slightly less poisonous 
than ethyl alcohol, the action coming on somewhat more slowly, but lasting a 
longer time; the symptoms of gastric irritation are generally more marked than 
those induced by ethyl alcohol, and very often some convulsive movements are 
observed (Hunt), When the administration is repeated, methyl alcohol is found 
much more poisonous than ethyl, and this may probably be ascribed to the 
more prolonged action of the former. Pohl has pointed out that while ethyl 
alcohol undergoes complete combustion in the tissues, methyl alcohol is oxidized 
to formic acid and possibly formic aldehyde, both of which are mu(ih more 
poisonous than the original alcohol. It seems a fair inferemee that the pro- 
longed action and the consequent greater toxicity of the lower alcohol may bo 
due to these products. 

In man the symptoms of wood alcohol poisoning diiTer from those of ordinary 
spirits in the marked muscular weakness and defective cardiac ac^tion, which are 
followed by nausea, vomiting, coma, or delirium of a much more intense and 
persistent character than those see.i in intoxication with ethyl alcohol. In a 
considerable number of cases death has followed from a single dose smaller than 
would have been fatal had ethyl alcohol been swallowed, and in some cases total 
and permanent blindness has followed or accompanied recovery. This condi- 
tion is more often the result of repeated ingestion of tlie alcohol, however, and 
is due to optic neuritis and subsequent complete optic atrophy. The large 
number of cases of blindness or fatal intoxication collected by Bullcr and 
Wood demonstrate clearly the danger incurred in the use of this poison inter* 
nally or even externally. Optic atrophy has been indu(?ed in animals repeat- 
edly by the administration of wood alcohol, and is certainly much less liable to 
occur from ethyl alcohol. 

The other alcohols are mainly of interest as impurities of the preparations 
of ethyl alcohol. They all resemble it in their general effects, but differ from 
it in toxicity; propyl alcohol is more powerful than ethyl, butyl than propyl, 
and amyl than any of them. Amyl alcohol, or fusel oil, is present in small 
quantity in most f« *ins ol' spirits, especially when these are freshly distilled or 
‘‘raw.'" It resembles ethyiic alcohol in general, but is more ii-ritant locally, 
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and is believed by some authorities to have more deleterious effects in chronic 
poisoning than pure ethylic alcohol. This is not based on any very sjitisfa(?t(»rv 
evidence, however, and jdl the characteristic symptoms of chronic alcoholism 
have been produced in animals by pure ethyl alcohol. Furfurol is also i)resont 
in many forms of spirits, but in such small quantities that it docs not play any 
rOle in the symptoms induced by them. ^ 

Preparations. 

Alcohol (XJ. S. 1\) contains 92^ of alcohol (C.H.HO) by weight. 

Alcohol Absolutwm (U. S. P., B. P.), absolute alcohol, contains not more than 
1^, by weight, of water. 

Alcohol Dilutum'(yS, S. P.) contains about 41 fo, by weight, of alcohol. 

Spiritua KectiJicaUca (B. P.), rectified spirit, contains 90 parts of pure alco- 
hol, by volume, and 10 parts of water by weight, of alcohol). 

There are four official dilutions in the B. P., containing 70, 60, 45 and 20 
per cent, of alcohol by volume respectively. 

Spiiutus Fiiumknti (IT. S. 1\), whiskey, contains 44-50 of alcohol by 
weight, and is obtained by distillation of an extract of fermented grain. 

Spiritus Vini Galltci (U. S. P., B. P.), brandy, contains 39-47^; of alco- 
hol by Aveight, and is obtained by the distillation of fermented grai)e juice. 

Mistura Spiritus Vini Gallici (B. P.), a mixture of brandy, cinnamon water, 
sugar and yolk of egg (about 17 per cent, alcoliol). Dose, 1-2 fl. oz. 

Non-pharmacopceial spirits, which are used occasionally in medicin^^, are 
gin and j*iim. 

These Spirits all contain, roughly si)eaking, about one half as mueli alco- 
hol as the three concentrated alcohols of the U. S. P. oj* the l ectified spirits 
of the B. P. They contain, in addition to the ethyl alcohol proper, numhers 
of other volatile substances, some of which are alcohols of the same series 
as ordinary alcohols (butylic, amylic, etc.), while others are of entirely 
unknown constitution — the oenanthic ethers. Brandy and whiskey act very 
much in the same way as pure alcohol, but are more })t>wcrful than would 
be expected from the percentage of alcohol alone. When freshly distilled 
they are much more irritant than when kept for some years. Numerous 
other ijreparations containing large quantities of alcohol, su(ih as the spirits 
of the volatile oils, might also be included in this group, but they are not 
used, as a general rule, for the same purposes as the alcoholic preparations 
proper, and their effects are in part due to the volatile oils contained. 
Some of them have, however, been employed as intoxicants instead of 
brandy or whiskey, and Eau de Cologne and other essences have gained a 
certain notoriety as a means of secret drinking among women. Tlie liqueurs 
are too numerous to mention, and their composition is exiremely diverse. 
Many of them contain considerable quantities of sugar, and the combination 
of alcohol and sugar would seem peculiarly deleterious to the gastric niucoiiH 
membrane. Others, such as cherry water (Kirschwasser), contain hydrocy- 
anic acid, and the others various bodies of the volatile oil series. None of 
them seem to have any properties which would recommend their use in 
therapeutics. 

The Wines and Beers are much weaker pi*eparations of alcohol. The 
U. S. P. recognizes two forms of wine, Vinum Album (white wine) and 
ViNUM Rubbum (red wine, claret). These both contain 7-12% of alcohol 
by weight, along with 1.5-3% of solid matter in the white wine and 1.6- 
3.6% in the red. The Vinum Xbricum (sherry) of the B. P. contains not 
less than 16% of alcohol by volume, Avhile the Vinum Aurantii (B. P.), or 
orange wine, contains 10-12% by volume. In addition, the wines contain 
the same volatile constituents as brandy, altliough in smaller amounts. 
Other wines are prescribed in medicine, some of which, such as poit 
10 
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(16-20%), contain larger, and olhers smaller quantities of alcohol Qiock and 
champagne 8-13%). The red wines contain a form of tannic acid derived 
from the skin of the grapes, and both red and white often contain consider- 
able quantities of acids, chiefly tartaric acid. The amount of sugar varies 
with the different wines, and in fact in wine from the same locality but of 
different seasons. These constituents may lend to the wines a local dele- 
terious action on the stomach, more especially when they are taken habitu- 
ally. Champagne and the other sparkling wines contain large quantities of 
carbonic acid, which acts as a stimulant to the gastric mucous membranes. 
Champagne is considered one of the most ‘‘stimulant” of alcoholic prepa- 
rations, although it contains a very low percentage of alcohol compared with 
spirits, a fact which is of some signiflcance in the explanation of the “ stim- 
ulant” effects of alcohol. 

The beers are not pharmacopoeial, and are less frequently advised than 
the other preparations. They generally contain a comparatively small per- 
centage of alcohol (4-10%), along with a large amount of solids. These 
solids consist mainly of dextrin, sugar and other starch products, which retard 
the absorption of the fluid, but are of considerable value as foods. The hops 
added in the preparation have probably no action save as bitter stomachics. 
The alcohol of beer is comparatively slowly absorbed owing to the colloid 
constituents, and this allows time for fermentation changes in the sugars and 
dextrins, which may perhaps account for the discomfort produced by malt 
liquors in persons of feeble digestion. When beers and porter do not de- 
range the digestion, they are the most nutritive of all the alcoholic prep- 
arations, owing to the large amount of carbohydrates they contain. 

Therapeutic Uses. — Alcohol is used externally in very dilute solution 
as a cooling application to the skin, and in threatening bedsores, in 
which it is often applied as brandy, whiskey, or dilute alcohol in order 
to harden the epidermis. It has been employed as an antiseptic and 
mild irritant to broken surfaces, and if applied to the skin in concen- 
trated form, and especially if kept from evaporation, acts as a rubefa- 
cient and irritant. In the form of diluted claret it is not infrequently 
used as an astringent gargle. 

The indications for the internal use of alcohol are ill defined, and 
cases which one physician would treat with alcohol, often seem to pro- 
gress as favorably without it in the hands of another. It is not suffi- 
ciently recognized that this drug possesses several different qualities, as 
local irritant, narcotic and food and that while one property considered 
alone might render it unadvisable in a given condition, the deleterious 
effect induced in this direction majr be more than counterbalanced by 
its valuable results in other directions. At the same time it would be 
preferable in most cases to substitute for this conjunction of good and 
bad properties other drugs with a less extended sphere of action. 

One series of symptoms which is often treated with wines is of gas- 
tric origin, and is manifested in want of appetite and enfeeblement of 
the digestion ; in some of these cases the alcoholic preparations seem to 
be beneficial, while in others they appear to be positively harmful. This 
may be explained by the effect of alcohol on secretion and absorption, 
only those cases in which secretion is deficient being benefited, but the 
tastes of the patient arc also an important factor ; if he enjoys the taste 
and odor of wine, its administration may promote his appetite, while, 
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on the other hand, if he has a distaste for wine, it will prove harmful. 
There is no question that the functions of the stomach are increased by 
pleasing, and retarded by unpleasant tastes and odors. In these cases 
«dry wines are to be preferred, as the sugar of the sweet wines may 
irritate the stomach ; champagne may be used, and the wine ought to 
be given immediately before or during a meal. 

, Cases of hemorrhage, shock, and other forms of severe and sudden 
depression of the heart and central nervous system arc very frequently 
treated by the administration of strong alcoholic preparations, such as 
brandy and whiskey, this treatment being based upon the belief that 
alcohol is a cardiac and respiratory stimulant, the grounds for which 
have already been examined. It is extremely difficult to estimate the 
value of a remedy in these conditions, and it is possible that the irri- 
tant action of alcohol in the stomach may increase the activity of the 
mvedullary centres refiexly, or that by its narcotic action it may lessen 
the anxiety and pain of the patient. On the other hand, in cases of 
inhibitory slowing of the heart it may aid by lessening the activity of 
the vagus centre in the medulla. But the beneficial effects of alcohol 
in these cases has been much questioned in recent years and the belief 
that it is of little value is certainly more widely held at present than 
at any previous time ; in experimental shock in animals, Crile found 
that alcohol gcneially increased the danger when given in average doses, 
and that smaller doses had no beneficial effects, but it is quite possible 
that in man different results may be obtaiiKnl from ah^ohot acting as a 
narcotic and removing nervous symptoms which would not arise in the 
lower animals. 

In sudden chill with a tendency to fever, alcohol is often of great 
benefit, especially when taken in the form of brandy or whiskey 
diluted with hot water. Its efficacy here would seem due to the relief 
of the congestion of the internal organs by the return of the blood to 
the skin. 

In many cases of acute inflammatory disease, the prescription of alco- 
hol seems to be attended with benefit, while in others it seems rather to 
increase the severity of the symptoms. No special indications can be 
given for alcohol in those cases, and the physician must be guided 
by its effects. An old rule advised that if the pulse becomes slower, 
the temj^eratiire falls, the respiration is deeper, the nervous symptoms 
are anu'liorated and the skin becomes moistcr after the administration 
of alcohol, the treatment ought to be continued ; but this is merely 
•equivalent to advising the continued administration of alcohol when it 
is found to improve the symptoms. The effect of alcohol in thest' 
cases is often said to be a stimulant one on the heart and central nerv- 
ous system, but it would rather seem to allay the irritability of the 
nervous centres, and thus reduce the delirium and slow the heart and 
respiration by lessening the muscular movement. Moreover, the tissue 
waste is niuch increased in fever, and at the same time the food absorp- 
tion is less than normally, so that many of the symptoms may be due to 
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starvation of the tissues, Tlie food-value of alcohol is unchanged by the 
presence of fever (Ott) ; it demands less energy from the digestive organs, 
than fats and starchy foods, and has a higher value as a producer 
of energy than sugar. It cannot supply the place of the nitrogenous 
foods, but given along with them, may lead to a greater economy of 
the tissues. It is to be remarked that according to Neumann alcohol 
fails to have this effect, at any rate in normal individuals, until it has 
been given for several days, so that if it is to be used as a food, it 
ought to be given early in the disease. Strong wines or diluted spirits 
are generally employed here and ought to be given in small quantities 
frequently. Alcohol was formerly advocated especially in septic con- 
ditions, and here it may be of value on the same grounds as in acute 
fevers, although it does not seem to have any specific action in septic 
disease, as was once believed. A pi’otest has recently been raised 
against the use of alcohol in these cases, on the ground that animals 
subjected to alcohol succumb more readily to infection than controls 
which have received no treatment, and this has been shown to be true 
even when the dose of alcohol was proportionate to that often advised 
in the treatment of these cases in man (Laitinen). This is undoubtedly 
an objection of great weight, but it must not be forgotten that though 
alcohol may be deleterious in this way, this may be more than com- 
pensated for by its value as a food, and by its narcotic effects allaying 
the nervous irritability and promoting sleep ; this narcotic action may 
very well be conceived to be of benefit to man, while actually preju- 
dicial to animals. 

In some chronic forms of nervous disease alcohol may also be of 
value, although its administration must always be guarded, owing to 
the tendency to the formation of the alcohol habit. Thus, in some 
forms of melancholia and of neuralgia it gives relief, partly probably 
through its depressant action on the brain and partly from its local 
action on the digestion. Some authorities recommend the use of alco- 
hol in small quantities in cases of distress of mind from any cause, 
such as grief, business anxiety or depression, and undoubtedly alcohol 
improves these conditions by its narcotic action on the brain. But 
the danger of the alcohol habit is so great, that many physicians refuse 
to take the responsibility of prescribing the drug in these cases. 

In chronic conditions of cachexia and loss of flesh in general, and 
during convalescence, alcoholic preparations are often advised simply 
as foods, and in these cases the ales, beers and porters are generally to 
be preferred to the others, provided always that the stomach is notf 
irritated by them, as they contain other food-stuffs of value in addition 
to the alcohol. 

In poisonous snake bite, alcohol is generally administered in enor- 
mous quantities, either as whiskey or brandy, but it seems open to 
question whether it is really of value in tliese cases, and its action on 
the normal tissues certainly gives no indication for its use here. 

Alcohol is of value as a mild hypnotic, a comparatively small quan- 
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tity taken before retiring being often sufficient to secure quiet and 
refreshing sleep. Beer or spirits and water is generally used for this 
purpose. 

Brandy has a certain reputation in the treatment of the milder 
forms of diarrhoea, while the other spirits have no effect in this condi- 
tion. The means by which this effect is accomplished arc unknown. 

In the prescription of alcohol, the ordinary spirits, brandy or whis- 
key, are very much more frequently advised than the purer prepara- 
tions, as the latter are more apt to pall upon the taste of the patient. 
Both of those spirits ought to be diluted with at least an equal quan- 
lity of water. The wines are more used in chronic conditions, although 
diluted spirits may be advised here also. Beers are employed only in 
debility unaccompanied by gastric symptoms. 

Alcohol can be given to children in relatively larger quantities than 
to adults, and again in old age no such reduction in tlie dose is required 
as in the case of many other drugs. Where a tolerance for alcohol has 
been established, the dose has often to be more than doubled in order 
to have any effect, and in acute febrile conditions very large quantities 
of alcoliol arc often given without intoxication, though it seems (juea- 
tionable whether an ecjually beneficial result could not be attained with 
much smaller doses. In gastric irritation, most preparations of alco- 
hol are contraindicated, but champagne is often of benefit in checking 
vomiting, especially that of pregnancy and of seasickness, this effect 
being due to the carbonic acid, not to the alcohol. In nejdiritis and 
other inflammatory conditions of the genito-urinary tract, alcohol is 
generally avoided on account of its supposed effects on the epithe- 
lium. 

In regard to the habitual use of alcohol by healthy persons all 
authorities agree that it is a luxury, that it is entirely unnecessary for 
the growth and maintenance of the body, but that taken in moderate 
quantities it is harmless, except from the danger that this may lead to 
the habit being formed. The habitual indulgence in alcohol to excess 
is more easily intelligible than some other chronic intoxications, for, 
unlike nicotine, alcohol is taken not only for its local effects on the 
organs of taste and on the mucous membranes of the mouth and 
stomach, but also for its action on the brain in numbing the con- 
sciousness of unhappiness, and this weakening of the higher sensibilities 
by drink is generally the object sought by the drunkard. He finds 
that under alcohol his habitual depression disappears, and he loses the 
sense of degradation and remorse which possesses him when sober. 
The depression returns in exaggerated form after the effects of the 
drug have passed off, but it can be removed again by the same means, 
and in this W’ay the habit is formed, each successive dose being 
rendered necessary by the depression produced by its predecessor. 
This descent into chronic drunkenness is facilitated by the lessening 
of the self-control owing to the actioh of alcohol on the brain. The 
victim may form the best of resolutions, ]>ut his impaired will power 
and self-control are unable to carry them out. 
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The symptoms of Chronic Alcoholism are unfortunately common, but 
may be treated better in detail in connection with various forms of dis- 
. ease, with which they are associated more closely than with the effects 
produced by tlie medicinal use of the drug. The earliest symptoms 
are generally observed in the stomach, throat and larynx, and consist 
of a chronic catarrh, which is often accompanied by skin affections, 
such as injection of the cutaneous vessels (especially of those of the 
face), acne or pustular eruptions. The irritation spreads from the 
stomach to the liver and kidney, and produces fatty degeneration and 
necrosis of the cells, followed by increased growth of the interstitial 
connective tissue, and cirrhosis of these organs. The fatty degenera- 
tion is also found in the arterial walls throughout the body, and causes 
atheroma and arterio-sclerosis, which may lead to small aneurysmal 
dilatations, ccchymoscs, or apoplexy. The heart undergoes more or 
dess fatty change, which is accompanied by dilatation and weakness. 
In the central nervous system, the nutrition is imperfect owing to the 
vascular changes, but in addition to this, alcohol has a special action 
on the neurons, which is betrayed by the disappearance of the chro- 
matin granules, and eventually by shrinkage of the whole cell. The 
dendrites show moniliform enlargements along their course, and in the 
later stages the finer dendrites disappear entirely. These alterations 
ill the central nervous system lead to impairment of memory, self- 
control and the other higher mental processes. Tremor, convulsive 
attacks, hallucinations and mania are eventually followed by idiocy 
and paralysis in the worst forms of the disease. The peripheral nerves 
seem to be acted oil directly as well as through the changes in the 
centres, for neuritis has been frequently observed, ending in local 
paralysis. A form of amblyopia commencing by atrophy of the retinal 
ganglion cells and later extending to the fibres of the optic nerve 
has recently received some attention ; it is much more readily elicited 
by methyl than by ethyl alcohol. A characteristic result of chronic 
alcoholism is delirium tremens, an acute attack of insanity, which is 
liable to occur after any shock, such as hemorrhage or acute disease, 
but which is said to be also produced by the sudden withdrawal of 
alcohol, and sometimes occurs without any apparent immediate cause. 
It is cliaracterized by tremor, perspiration, sleeplessness, fear, ex- 
citement and hallucinations of the various senses, which differ from 
many other hallucinations of insanity in consisting of the multiple 
appearance of the same object. These objects are often animals, 
such as snakes, rats, dogs,'but the hallucinations are not confined td 
those of sight, for whispering voices are complained of not infre- 
quently. 

The more severe forms of chronic alcoholism are confined almost 
entirely to the drinkers of undiluted spirits. Beers and wines seldom 
have any distinct action on the brain in themselves, unless spirits are 
also indulged in. The abuse of the weaker preparations of alcohol is 
always liable to le^d to that of the stronger, however; as tolerance is 
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established and the former lose their effect. The combination of spirits 
and malt liquors is said to be more liable to produce delirium tremens 
than the abuse of either alone. 

The disastrous effects of the abuse of alcohol arc seen in the statistics 
of the hospitals, prisons, and asylums, and unfortunately these show 
an increase in the number of victims almost every year and in nearly 
all countries, but more especially in those in which the population is 
addicted to spirits. In Prussia, in 1886-1888, 11 per cent, of the 
cases admitted to the insane asylums were diagnosed as directly due to 
alcoholic excess, while in one of the Berlin asylums the enormous per- 
centage of 47.4 of the admissions were found to be addicted to alcohol. 
In France, in 1888, one eighth of the cases of suicide were due to 
alcoholic excess. In Paris, 72 per cent, of the convicted criminals in 
one year were found to be chronic alcoholists, while the proportion in 
Berne Canton was about 40 per cent. These numbers are officially 
certified to be correct, but give only an imperfect idea of the deplor- 
able results of alcoholic abuse, as only the more extreme cases come 
under the categories of criminals or lunatics, and the enormous num- 
ber of cases of disease directly caused or aggravated by the lesions 
due to alcohol escapes recognition. At the same time, it is beginning 
to be appreciated that chronic alcoholism itself is probably due to a 
mental defect, so that in a certain number of these cases of insanity 
and crime, the over-indulgence in alcohol must probably be considered 
a symptom and not a cause. Attempts have been made of late years 
to demonstrate that the effects of alcohol are hereditary, that the chil- 
dren of alcoholists supply a larger proportion of cases of insanity and 
crime than those of the rest of the poj)iilation. The belief is widely 
entertained among biologists, however, that accpiired characters such 
as alcoholism are not inherited directly, but can only affect the nutri- 
tion of the offspring. It would seem more probable, then, that the 
alcoholic excesses of the parent have no direct effect on the offspring, 
except in their nutrition at birth, but that the mental defect which 
leads to alcoholic excess in the one generation is inherited and 
leads to crime or insanity in the next. The deleterious effect of the 
alcoholic habit in the parent on the nutrition of the offspring is a well- 
established fiict. It has been shown experimentally by Hodge, who 
states that only a small percentage of the puppies born of parents 
treated witli alcohol survive, and further that they are peculiarly liable 
to infectious disease, such as distemper. 

• The treaiment of avute alcoholic intoxication is to evacuate the stom- 
ach by means of the soft elastic tube. The patient ought to be put in 
bed and kept warm, as there is a tendency to a marked fall in the 
body temperature. In case of great congestion of the brain, cold may 
be applied in the form of ice-bags to the head, and some authorities 
recommend bleeding. In cases of extremely deep unconsciousness, 
nervous sfimulants, such as caffeine or strychnine, may be had recourse 
to, and, as a last resort, artificial respiration. 
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Clironie aleolwlism is to be treated by the withdrawal of the poison, 
' and this is best done gradually, as the immediate stoppage may lead to 
delirium tremens. It is often necessary to incarcerate the patient in 
some retreat. A large number of drugs have been advocated in these 
cases, some of them such as opium acting as substitutes for alcohol, 
others (capsicum) replacing the local action on the stomach. The use 
of opium and other narcotics may however lead to a craving for these 
which is quite as serious as the original condition. Another method 
of treatment, which appears to be successful in some cases, is the ad- 
dition of nauseating drugs such as ipecacuanha or apomorphine to the 
alcohol which is supplied to the patient. The association of nausea 
with liquor eventually becomes so strong that alcohol in any form 
becomes distasteful. The organic lesions must be treated individ- 
ually. 

The treatment of delirium tremens generally consists in the use of 
chloral or opium to lessen the excitement. It is often necessary, or at 
any rate jidvisable, in these cases to allow small quantities of alcohol, 
as the sudden withdrawal may aggravate the condition. 
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2. General Anaesthetics — Ether and Chloroform. 

The term general anaesthetics is employed to indicate substances used 
to produce unconsciousness sufficiently complete to allow of surgical 
operations being performed. In the history of medicine there are 
repeatedly obscure allusions to sulxstances used for this purpose, but it 
was not until the end of the first half of the nineteenth century that the 
era of surgical anaesthesia really opened. In 1708, Davy advised the 
use of nitrous oxide as an anaesthetic, but no practical use was m.'ulc of 
his suggestion, and AVells may be said to have rediscovered this pro))erty 
of the gas in 1844, though his efforts to introduce it into general use 
met with no greater success than Davy’s. Long used ether in 1842- 
1843 in surgical operations, but did not give any publicity to his dis- 
covery, and the honor of deraon.strating publicly tlie practical use of 
ether in surgery must be awarded to Jackson and Morton in 184(J. In 
1847, Simpson introduced chloroform to the medical profession as a 
substitute for ether, over which he supposed it to possess several ad- 
vantages. Its pharmacological action had been investigated some 
months earlier by Flourens, but Simpson apj)cars to have made his 
investigations quite independently. Cliloroform soon ousted ether in 
popular favor in Europe, and although in America a considerable 
number of surgeons continued to use it, ether had practically fallen 
into complete disuse througliout Europe, save in Lyon.s, until a few 
years ago. The continually increasing number of accidents in chloro- 
form anjBsthesia has, however, caused a reaction to sot in in favor of 
ether, and it seems probable that it will once more be reinstated as the 
rival, and perhaps as the superior, of chloroform throughout the world. 
Even in 1880, however, Kappelcr could write that in Germany chlo- 
roform was used exclusively. 

Many attempts have been made to introduce other substances of the 
methane series as substitutes for the two generally recognized anajs- 
thetics, but as yet no other has attained popular favor. Soon after the 
introduction of ether and chloroform, nitrous oxide gained a perma- 
nent footing as an anaesthetic for short operations. 

These anaesthetics are invariably given by inhalation and not by the 
stomach, as it is. found that the exact depth of the nanjosis can be 
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much more easily controlled by the former method. Both the absorp- 
tion and excretion of these drugs occur almost entirely by the lungs^ 
according to the ordinary physical laws of the absorption of gases by 
fluids. The more concentrated the vapor of chloroform in the lungs, 
the greater is the quantity absorbed into the blood and the deeper the 
narcosis. By regulating the proportion of the vapors in the air in- 
haled, therefore, an ansesthesia of any desired depth may be induced. 
The degree of narcosis and of danger is not indicated by the actual 
amount of the ansBsthetic which has been used, but by the concentra- 
tion of the vapors which have been inhaled; one patient may, in 
the course of a long operation, inhale and again exhale many ounces 
of chloroform without danger, while another may be thrown into a 
position of extreme peril by the inhalation of a few drops of chloro- 
form in concentrated vapor. 

Symptoms. — The action of chloroform and ether may be divided 
into three stages : 1, that of imperfect consciousness ; 2, that of ex- 
citement ; 3, that of ansesthesia. 

The first effect of their application is a feeling of asphyxia, which is 
especially marked in the case of ether, and of warmth of the face and 
head and eventually of the whole body. The senses become less acute, 
the patient seeming to see only through a veil of mist, and the voices 
of those in the immediate neighborhood appearing to come from a dis- 
tance. Ringing, hissing and roaring in the ears, and a feeling of stiff- 
ness and of inability to move the limbs herald the approach of uncon- 
sciousness. With the exception of the first feeling of suffocation, the 
sensations are generally pleasant. During this stage the face is gener- 
ally flushed, the pupils enlarged, the pulse is somewhat accelerated, 
and the respiration may be rendered irregular by the sense of suffoca- 
tion, or may be slightly quickened. Even at this early stage sen- 
sation is blunted. 

The second stxige of excitement varies extremely in different indi- 
viduals. In some cases, especially in children, it is entirely absent, 
and in others its presence may be indicated merely by tremor, by the 
stretching of the limbs, or by irregularities in the respiration, but in 
the majority of cases of anaesthesia it is much more marked. It often 
begins by movements of tlie arms, designed either to push away the 
inhalation mask or to enable the patient to rise ; soon his other mus- 
cles are involved in the movement ; he struggles, shouts, sings, groans, 
or bursts into laughter. The movements are not generally uncoor- 
dinated, but are evidently the result of some dream-like condition of 
the consciousness, and these dreams are often connected with the opera- 
tion or with the surroundings of the patient before the inhalation began. 
They are, of course, determined largely by his natural mode of thouglit 
— one person prays aloud and sings hymns ; another abuses the surgeon, 
the hospital and all his recent surroundings, while yet another is overcome 
with the fear of impending death and laments his unfortunalte position. 
In this stage the pulse is generally quickened, the skin is flushed and 
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often cyanotic, tlie respiration is extremely irregular from the strug- 
gling, and the pupil continues somewhat dilated. If the ansesthetic 
be pushed, however, the movements soon become less powerful, the 
muscles relax and the stage of anaesthesia sets in. 

In the third Mage, the face assumes a calm, dcath-like appearance 
from the relaxation of the muscles, the pupils contract somewhat and 
do not react to light. The reflexes disappear, one of the last to go 
being the closure of the eyelids on touching the cornea. The pulse 
is generally somewhat slow and weak j the face is pale in chloro- 
form anaesthesia, but may be suffused and cyanotic after ether. Tin; 
respiration is slow and shallow, but regular. This stage of anaesthesia 
may be kept up for horn’s without much change by the repeated inha- 
lation of small quantities, although the pulse tends to become weaker 
and the respiration shallower unless the greatest care be exercised, and 
the body temijerature invariably sinks. When the administration 
ceases, the patient passes agsiin through the excitement stage, which, 
however, is not generally as violent, although it may be more pro- 
longed, and then often sinks into sleep, which lasts several hours. 
Not infrequently, however, instead of sleep, nausea, giddiness and vom- 
iting continue for some time after the recovery of (ionsciousness 

In surgical anajsthesia, the third stage is often interrupted by short 
intervals of semi-consciousness and slight excitement if the adminis- 
tration of the drug be occasionally interrupted, as is sometimes ad- 
visable in prolonged operations. 

The use of these drugs is so widespread, and the indications of 
danger in anajsthesia are so important that a more detailed account of 
the alterations observed during their use in the human subject may 
be inserted here. 

The puhe is often somewhat accelerated before anseslhesia, owing to 
the anxiety and nervousness of the patient, and in the first, and still 
more the second stage, a further acceleration may occur from the same 
cause, although in other instances marked slowing of the pulse may 
set in here from reflex stimulation. When the stage of anajsthesia is 
reached, the pulse becomes slower and weaker than normally, and this 
change increases with the depth of the ariiesthesia pnuluced. It re- 
mains perfectly regular, however, in oi’dinary cases, and, in fact, un- 
less the aiiffisthesia has reached an extiemely <langerous stage. In 
.very prolonged, deep ansesthesia the weakness of the jjulse may give 
rise* to anxiety, especially if the temperature of the body is very low. 

‘ The respiration is generally fairly regular until the second stage, 
save that the breath may be held for some time owing to the choking 
sensation, and a deep gasp may follow ; coughing is occasionally met 
with, especially in the first stage of ether amesthesia. In the second 
stage, the respiration is extremely irregular when the excitement is 
violent. J'he respiratory muscles are involved in the general convul- 
sive movements, so that no air whatever can enter the lungs for 
several moments, and then several deep gasps may follow and load 



166 ORGANIC DRUGS ACTING ARTRR ABSORPTION 

the blood with concentrated vapor. During the third stage the res- 
piration becomes regular but sluillower and slower than before the 
ansesthctic was applied, and if the operation be prolonged, the weak- 
ness of the respiration may give rise to alarm. Large quantities of 
saliva and mucus may hinder the respiration and require removal, and 
a common occurrence is the production of snoring from the falling back 
of the tongue, and this may also require attention, 

The behavior of the pupil is of some importance in anaesthesia. 
During the first and second stages it is generally somewhat dilated, 
but as soon as complete unconsciousness is attained, it becomes rather 
narrower than it is normally. As the patient recovers, the slight dil- 
atation recurs, and if the respiration and circulation be dangerously 
weak, this dilatation also occurs in most cases. Dilatation of the pupil 
in the shxge of aiuesthcsia, therefore, indicates danger, unless it is 
accompanied by symptoms of returning consciousness, such as reflex 
movements and vomiting. 

Other eye symptoms which occur in some cases arc squinting and 
more or less rhythmic movements of the eyeball. In the beginning of 
the narcosis the pupil is generally directed upward and is covered by 
the upper lid as in ordinary sleep, but later it returns to the normal 
position ; curious rolling movenumts, which are quite independent in 
the two eyes, often make their appearance (Kappeler, Hogyes). 

The hypersecretion of saliva and of bronchial mucus is much more 
marked in ether than in chloroform ana)sthosia. Vomithuj occurs so 
frequently during amesthesia that it may bo looked upon rather as one 
of the attendant phenomena than as an accident. It may set in prac- 
tically at any time, but is more often seen in the late than the early 
stages, and more frequently when the anaesthetic is applied soon after 
a meal than when the stomach is empty. . 

Action. — The action of ether and chloroform on the Central Nervous 
System is evidently similar to that of alcohol, although the phenomena 
habitually elicited in the use of the former are very rarely produced by 
the latter. In all three intoxications, however, there may be observed 
the stages of lessened consciousness, of excitement, and of total uncon- 
sciousness. Alcohol was formerly administered in very large quantities 
to allow of surgical procedure, and ether has not infrequently been used 
as a habitual intoxicant. 

These anaesthetics produce the same progressive paralysis of the cen- 
tral nervous system as alcohol, commencing Avith tlie highest cerebral 
functions, those of self-control, and passing downwards through the* 
lower intracranial divisions. . The spinal cord is affected before the 
medullary centres, which arc the last part of the central nervous sys- 
tem to become paralyzed. Some authorities believe that the motor 
areas of the brain are first stimulated before being paralyzed, but it is 
unnecessary to enter upon this question here, as it has been discussed 
under alcohol. The wilder excitement of chloroform an<l *ether may 
be due to the greater irritation which they excite in the periphery, 
It may be remarked that the depression of the motor areas has been 
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shown exi>oriineiitally in the case of cliloroform and ether, a much 
stronger electric stimulus being necessary to produce movement of a 
limb after these drugs than before them ; their excitability by the elccv 
tric current has not been tested, however, during tlie excitement stage. 
The anaBsthesia is not produced equally raj)idly throughout the body, 
the back and the extremities first be- 
coming insensible, then the genital or- ’ 

gans and rectum and, last of all, the 
parts supplied by the trigeminus. The 
reflexes of the spinal cord are said to 
be first increased by ether and chloro- 
form and then depressed and paralyzed, 
but the primary increase is of very short 
duration and, in fact, it is open to ques- 
tion whether it occurs at all. It would 
seem that ether and chloroform tend to 
depress the sensory functions before the 
motor. For Bernstein found in some 
cases that if chloroform were excluded 
from a section of the spinal cord by 
destruction of part of the pia mater, 
reflexes could be elicited in other parts 
of the cord by the irritation of sensory 
nerves whose cells lay in the protected 
area, while irritation of nerves, the 
cells of which were exposed to the 
chloroform, had no effect (Fig. 6). In 
the protected area there were, of course, 
both motor and sensory cells, and an im- 
pulse reaching the protec^ted sensory 
cell was transmitted to the neighboring 
and also to more distant motor cells. 

An impulse reaching the exposed sen- 
sory cell, on the other hand, was not 
transmitted to the motor cells, although 
these were shown by the first ])art of niuKram or thn smnai coni, ^-^part 
the experiment to be capable of stimula- 
tion. Later, however, the motor cells 
are also paralyzed, as is shown by 

stimulation of the cord having no effect, wiiici- may bo »«»•• »ut by toe motor ceim 

. , , ° ^ 7*, y* in the uiuiffcctcd area, or by 

even when the .respiration is still active, in tlic fn»i.soiic(l urea. Thccells orlhean- 

^ 11 teritir lioriiH a; / r’' and the dendrites 8ur- 

Flectrical stimulation ot the cerebral rouiulingthemare, therefore, intact after 
, 1 rcHex arc is interrupted at some other 

motor areas produces movement tor some 
time after sensation has been lost, but as 

the ansBsthesia becomes deejjer, their irritability disappears.^ Finally 
the mediiirary centres arc also imralyzed by the ansesthetic. Some 
authorities have stated that they are first stimulated directly by chloro- 
form and ether, but the evidences for this will lie discussed later (page 



Dilijjrnni rtf thn spinal cord. yl-Af part 
of tini cord expo.sca to thn action of cnlo- 
roforiij, /y-C part unairectcd. A sensory 
iiuprcssion travuliiiK hy the posterior root 
iihre It does not elicit a reflex inoveinent, 
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162). The medullary centres are liable to be affected by reflex stimu- 
lation up to the moment at which they cease to send out impulses, for 
the respiratory centre responds to stimulation of the superior laryn- 
geal nerve as long as the respiration continues. It is possible that the 
motor cells are not directly paralyzed by the drug, but can only send 
out impulses received from the sensory cells, and that the paralysis of 
these is the cause of the asphyxia. 

Shortly stated, the direct action of chloroform and ether on the cen- 
tral nervous system is a descending depression and paralysis which 
affects the medullary centres last of all, and which probably affects the 
sensory and receptive functions sooner than the motor ones. 

The action of chloroform and ether on the Respiratory Centre is 
partly direct and partly indirect. In the first stage, the respiratory 
movements may be slowed or stopped temporarily by a reflex action 
set up by the irritation of the terminations of the trigeminus in the 
nose and throat and of the pneuraogastric in the larynx and bronchi, 
but this interruption is only of short duration (Fig. 6). During the 
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Tracings of the blood-prcssuro (upper) and of the respiration (lower) of a cat at the beginning of 
ether iuhulation. 4, normal respiration. At ether inhaled, and there follows an immediate slowi 
lug of the respiration (reflex inhibition) oulminatiug in gasping at C. The respiratory tracing then 
resumes its noriuai appearance except for some slowing (central). 

second stage the respiration is often rendered irregular by the convul- 
sive struggling, which produces alternately periods of asphyxia and 
deep gasping movements. During the third stage, the respiration is 
regular and no reflex disturbance occurs, because the sensibility is so 
dulled that the continued irritation of the nerve ends causes no reflex 
response. In this stage, however, the direct action of the drug on the 
centre makes itself manifest in the slow and shallow respiratory move- 
ments. If the drug be pushed, the weakness and slowness of the 
movements increase, until the respiration ceases entirely from paralysis 
of the centre ; in addition to its direct action on the centre, chloroform 
depresses tlie respiration in deep anaesthesia by inducing amemia of the 
medulla through its effects on the circulation. In man and the dog and 
cat the respiration is gradually extinguished, but in the rabbit the final 
standstill is preceded by very rapid and extensive I’espiratory movements. 

The effects of the anaesthetics on the Circulation are complicated by 
the respiratory action, and in order to arrive at any satisfactory con- 
clusions as to the changes in the heart and vessels, it is therefore neces- 
sary to examine their action w’hile the aeration of the bloofl is carried 
on artificially, when the effects are seen to be partly direct and partly 
indirect. The first change observed in the blood-pressure tracing, 
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after chloroform or ether is often a slowing or even a temporary stand- 
still of the heart, due to reflex stimulation of the inhibitory centre 
from the irritation of the air passages ; but in other cases a short rise 
in the blood-pressure is seen from a similar reflex action on the vaso- 
motor centre and this may be accompanied by extreme acceleration of 
the pulse arising: from the creneral excitement* Tintpv 1inw^\ror o roll 
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Gradual fall of the blood-pressure in a cat during anccsthesia with dilute chloroform vapor. At 
; normal pressure. inhalation coninienced and the pressure slowly falls soon afterwards. C, blood- 

E ressure 5 minutes after B. 10 minutes after JJ. /-?, 13^ minutes later. At K the respiration 
as ceased, but the blood-pressure is still fairly high and the pulse is satisfactory. Below the time is 
marked in seconds. 

in blood-pressure is observed, and afterwards a distinct slowing of the 
heart. Eventually, if the administration be carried far enough, the 
blood-pressure falls to zero and the heart ceases to beat. The way in 
which this fall in the blood-pressure is produced has been the subject 
of prolonged discussion, but it is now generally recognized that the 
weakness of the heart is the chief factor and that along with this there 
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Siiddon and dangerous fall in the blood -pressure from the inhalation of too conceutrated vapoi 
chloroform during auflcsthesia in a cat. At.*4 the conceiilrattd vapor began to be insjdred. At Ji 
blood-pressure had fallen to about one third of the height at /I, and the pulne was so weak as to 
scarcely perceptible. The chloroform mask was removed, and at (' artilfcial respiration was co 

ifs dilatation of the peripheral vessels. The bloo<l-prcssure in man 
has been found to be reduced by chloroform even in the earlier stages, 
and in deep anaesthesia the fall may be very marked. Under ether the 
pressure rises slightly in the first and second stages, partly from the 
reflexes arising from the local, irritation, and partly from the muscular 
movements. During complete anaesthesia it falls again to slightly 
above the normal or a few millimetres below it, but never reaches a 



160 ^GAmO bBUOS ACTING AFTm A BSOBPT^^ 

point indicating grave circulatory disturbance (Blauel, Cook and 
Briggs). 

Heart. — ^The frog^s heart under chloroform or ether beats more 
slowly and more weakly, and at the same time undergoes a certain 
amount of dilatation, all owing to the paralyzing effects of these drugs 
on the cardiac muscle. About 48 times as much ether as chloroform 
is required to affect the frog’s heart, however, and in order to bring it 
to diastolic standstill 36 times as much . ether as chloroform must be 
added to the blood. 

The effects on the mammalian heart in deep ansesthesia are very 
similar. The slowing is not so marked, however, as the weakness and 
the dilatation, so that the rhythm of the pulse does not indicate the 
extent to which the heart is affected. The auricles are acted on by 
smaller quantities than the ventricles, and the former may be rendered 
Ro wpjik SIR to frivft nracticallv no movement to an attached lever lonff 


Fig. 9. 






'.D' 




1 '' f " ' ' ’ f ’ 

/ , , 



^'1 JJ 


Myocardiographic record of the movements of the right auricle (upper tracing) and right ventrich 
(lower tracing) of the dog during the inhalation of concentrated chloroform vapor. During systoh 
the lever attaclied to the auricle moves from IV to 8', that attached to the ventricle from D to 8. li 
« diastole they return to and D respectively. At concentrated chloroform vras inhaled. The ex< 
ctirsioii of the levers towards systole rapidiv diiuinished, while that of the ventricle towards D was 
somewhat augmented. After a short time the auricle ceased in diastole, while the ventricle con- 
tinued to beat, though much weakened. At the chloroform was shut olf and the heart began U. 
recover very soon afterwards. 


before the ventricular force is very seriously impaired (Fig. 9). The 
first direct effect of these drugs on the heart, therefore, is a weakness 
in the auricular contraction and an increase in the ventricular relaxa- 
tion. The diminution in the strength of the auricle progresses rapidly, 
while the ventricular dilatation soon reaches a maximum and is ac- 
companied by lessened force of contraction. The auricular weakness 
soon becomes so great that practically no blood is expelled by its 
systole, and the slowing of the heart, which has not been very marked 
up to this point, becomes distinct. The ventricular contractions next 
become extremely weak and occasionally fail entirely, and soon after- 
wards the heart comes to a standstill in diastole. Occasionally a venous 
pulse appears during surgical aniesthesia, aiid this may be due to the 
dilatation of the right ventricle causing incompetency of the tricuspid 
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valve. The mammalian heart suffers under extremely dilute chloro- 
form solutions when these are perfused through the coronary vessels. 
Thus Sherrington and Sowton found that blood containing 0.01 per 
cent, of chloroform exercised a distinctly deleterious effect on the 
heart, and about 0.05 per cent, of chloroform was sufficient to arrest 
it. Loeb found that 0.4 per cent, of ether in blood perfused through 
the heart arrested its movements in a few minutes, so that chloroform 
appears to be at least eight times as poisonous to the mammalian heart 
as ether. Ether tends to dilate the coronary vessels, while chloroform 
rather constricts them. 

This direct cardiac action of chloroform is manifested most dis- 
tinctly in the tliird stage of anaesthesia, although it is present to a 
slighter degree in the earlier stages. But apart from this, the heart 
may be affected earlier by inhibitory activity, and this is of the gravest 
import in practical anaesthesia (Embley). The inhibitory centre 
appears to be thrown into a state of abnormal activity and the irrita- 
tion of the air passages leads to reflex inhibitory impulses being sent 
to the heart, which responds by slowing and occasional stoppage. In 
the normal heart, inhibitory arrest is transient, the heart only pausing 
for a few seconds and then recommencing its contractions. Bi^t the 
heart weakened by chloroform, even in the commencement of anaes- 
thesia, often fails to recommence beating and permanent failure of the 
circulation and death result (Fig. 10). This has been demonstrated 


Fia. 10. 



Trftcins of the hlood-pressure in a dog under chloroform (■) per ccnt.)—8uddcn slowing of tlie 
heart and fall in pressure from inhibitory action (hmbleyj. 


experimentally in the dog (Embley) and accords with a number of 
observations of sudden death in mal^ It is liable to o<:cur in the 
early stages when concentrated vapor is inhaled, while in complete 
antesthesia the vagus centre appears to l)e less irritable. Ether injures 
the heart less than chloroform, and this fatal inhibitory arrest has not 
been shown to be induced by it. 
u 
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Vessels.— The vascular effects of the ansesthetics are rendered very 
difficult of investigation by the presence of these changes in the heart. 
The general impression has been that the tone of the vase-motor 
centre is lowered and that the blood-pressure therefore falls through 
the dilatation of the vessels along with the weakness of the heart ; in 
deep anaesthesia this depression of the vaso-motor centre is probably 
elicited, but much difference of opinion exists as to the earlier effects 
of the amesthetics. Thus Scheinesson observed marked dilatation of 
the vessels of the rabbit’s ear under chloroform, and several investi- 
gators found the reflex irritability of the vaso-motor centre diminished 
or abolished entirely by chloroform, while ether had less effect on it. 
But Gaskell and Shore came to the conclusion that chloroform pri- 
marily stimulates the vaso-motor centre, and this is confirmed by 
Embley’s experiments. This stimulation results in some constriction 
of the vessels, but there is no increase in the blood-pressure as the 
narrowing of the vessels is more than counterbalanced by the weak- 
ness of the heart. The effects of ether on the vaso-motor centre have 
not been the subject of such careful research, but it seems probable 
that they are similar to those of chloroform. 

As regards the effect on the vessel walls directly, Embley argues 
that chloroform relaxes the muscle and thus widens the arterioles. On 
perfusing blood ex)ntaining chloroform through the vessels of isolated 
organs, however, it is generally found to cause some narrowing of 
their calibre, while ether is said to dilate them slightly. It is pos- 
sible that the vessels of the different organs react differently, for Pick 
states that the circulation in the extremities is slowed, while that of 
the abdominal organs is accelerated under anaesthetics. The cerebral 
vessels are generally found to be narrowed during anaesthesia, but this 
is probably due to the changes in the general blood-pressure and does 
not indicate any direct action on them. 

A marked dilatation of the skin vessels occurs in the first stage of 
anaesthesia, and, in the case of ether at any rate, genemlly persists 
throughout ; this is probably due to some central action, but here, as 
in many other similar instances, the primary dilatation of the cuta- 
neous vessels h^ji not been fully explained. 

Kemp has r®htly drawn attention to a marked contraction of the 
renal vessels of the dog without a corresponding increase in the general 
blood-pressure during deep ether ansBsthesia, which lessens the secre- 
tion of urine and may arrest it completely, or cause such injury to 
the kidney that albuminuria or even hsematuria may follow. Some 
writers state that albumin is found in the urine in a considerable pro- 
portion of cases of ether ana3sthesia in man, Wiich would suggest that 
a corresponding action is elicited here, but others have failed to detect 
any change except a slight diminution of the urine. The discrepancy 
in these results may perhaps be due to the method of administration. 
Ether is often given in such a way as to induce partial asphyxia and 
this may indiu^j contraction of the renal vessels without a correspond- 
ing rise in the blood-pressure. ; 
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The Muscles and Nerves are not affected by chloroform or ether when in- 
haled, but when a frog’s muscle i» exposed to an atmosphere of either of 
them, it is weakened, loses its irritability and eventually passes into rigor 
mortis ; Eisenmeyer and Buchheim found that the relaxation of muscle after 
contraction was somewhat retarded by exposure to dilute vapoi of chloro- 


the case of ether, generally permanently in that of chloroform, which is 
much the more powerfhl nerve poison of the two. The sensory fibres are 
said to be paralyzed sooner than the motor when chloroform or ether is ap- 
plied to a mixed nerve (Pereles and Sachs), and some motor fibres of a trunk 
may remain unaiFected, while others are paralyzed ; this may be due to the 
anatomical arrangement (Albanere), but is probably the result of some funda- 
mental difference in the fibres. The local paralyzing effects of ether have been 
elicited repeatedly in the human subject by its subcutiincous injection, and have 
occasionally been followed by neuritis and permanent Aveakness. 

Chloroform and ether dissolve the Red Oorpnscles and free the 
hsemoglobiu when they are shaken with dehbrinated blood outside the 
body, and ehloroform is said to retard the reduction of oxyhaemoglobin 
by forming a loose combination with it ; Da Costa holds that ether 
tends to destroy the red cells during anaesthesia and advises caution in 
its administration in cases in which a diminution in their numbers may 
be of serious import. Apparently chloroform, when absorbed, exists 
not in simple solution but in loose combination with the cholestcrin and 
lecithin of the red corpusscles and with the proteids of tlie plasma 
(Moore and lloaf). The blood therefore takes up chloroform and 
ether in much larger quantities than water or saline solution. 

The effects of chloroform and ether on the Pupil present .some varia- 
tion ijj different animals, and, indeed, are not very constant in man. 
No entirely satisfactory explanation of their mechanism has been 
offered as yet. The dilatation of the pupils in the first and second stages 
is merely the accompaniment of the general excitement and anxiety, and 
is not specific. The contraction in the stage of unconsciousness is similar 
to that seen in natural sleep, and is evidently of central origin. It m.ay 
perhaps be a secondary effect of the dilatation of the vessels in the iris 
(Limbourg). The dilatation occurring during Avakening or vomiting 
is evidently caused by the same proaiss as that of the preliminary 
stages. Just before death the pupil dilates, and this may perhaj)s be 
attributed to the effects of asphyxia on the muscle of the iris, and is 
so frequently observed in death from other causes that it cannot be 
regarded as a direct result of the chloroform. 

The local effects of the ansesthetics on the Alimentary Canal and 
Respiratory Passages are confined to irritation Avith resultant reflexes. 
Thus the profuse secretion of saliva and of mucus is due to the irri- 
tation causing increased activity of the glands reflexly, and can be 
arrested by atropine. It has been stated that the bronchial rhonchi 
are due enfirely to aspirated saliva, but this is incorrect, as they occur 
in animals to which the anaesthetic has been given through a tracheal 
cannla. The irritation is much greater Avhen concentrated ether fumes 
are inhaled than in ordinary chloroform anassthesla. 
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This local irritation may explain in part the vomiting which is so 
often a feature of anaesthesia. The irritant vapors reach not only the 
throat, but also the stomach with the mucus swallowed, and irritation 
of either of these parts may well lead to reflex vomiting. But similar 
effects are occasionally induced by other methods of anaesthesia, such 
as by nitrous oxide, in which local irritation can play no part, so that 
there is probably some central effect in addition. The ordinary move- 
ments of the stomach and intestine do not seem to be influenced by 
anaesthesia, unless when it is accompanied by asphyxia, when the peri- 
stalsis may be increased. 

The Kidney appears to be affected in a certain proportion of cases 
of anaesthesia in man as is shown by the appearance of albumin in the 
urine. Chlorofoi’m induces typical fatty degeneration occasionally, 
while the albuminuria after ether has been ascribed to a specific vas- 
cular change by Kemp. The proportion of cases in which this organ 
is affected seems to vary extraordinarily, some authorities finding albu- 
minuria in 30 per cent, of the cases where chloroform was used ; 
while others could detect it in less than 8 per cent. Most surgeons 
consider chloroform far more deleterious to the kidney than ether. 

The Uterine Contractions during parturition seem little influenced by 
moderate anaesthesia, but are slowed in the deeper stages, probably 
because the anaesthetics lessen the irritability of the spinal cord. 
Chloroform and ether pass into the foetal blood, and some experi- 
ments are recorded in which the foetus was killed by the inhalation, 
while the mother recovered. This may be caused either by the direct 
action of the drug on the young animal, or by the low maternal blood- 
pressure leading to its asphyxia. It does not seem dangerous to in- 
duce a moderate degree of anaesthesia during labor in human beings, 
although here, too, the effects on the child are shown by an increase in 
the nitrogen excretion in the urine for some days. 

The Temperature falls during anmsthesia of even short duration. 
Thus Kappeler found it reduced 0.2~1.1° C. when chloroform was in- 
haled 15-40 minutes, and a fall of 3-5° C. has been observed during 
very long anesthesia. This action is due partly to the greater output 
of heat through the dilated skin vessels, but mainly to a lessened heat 
production from the diminished muscular movement. It is not neces- 
sary to assume, therefore, as some writers do, that the anaesthetics lessen 
the heat production by their direct effects on the tissues in genergll. 

Of late years a good deal of interest has been manifested in the 
effects of the aiifesthetics on the Metabolism of the tissues, and it is now 
generally recognized that chloroform, in addition to its action on the 
central nervous system, produces marked changes in the nutritive proc- 
esses of protoplasm. The simpler organisms, which are devoid of 
nervous structure, are killed in comparatively dilute solutions, and 
chloroform water, therefore, prevents or retards putrefaction and the 
fermentation of yeasts. Ic seems to hinder the action of some fer- 
ments, such as pepsin and rennet ferment, when added in- comparatively 
large quantities, but increases their activity in greater dilution. Plants 
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cease to assimilate carbonic acid, but are not killed by chloroform 
except in very large quantities. In the higher animals and in man, 
evidences of an alteration in the processes of life and nutrition of the 
different organs have also been discovered, quite apart from the effects 
on the nervous system. Thus fatty degeneration ‘ of various organs is 
produced by chloroform administered repeatedly and even by single 
inhalations in some cases. The organs implicated in this change are 
the liver, heart and kidneys more especially, but degeneration of ordi- 
nary muscle has also been observed occasionally. If this process 
attains a certain degree of development, it may lead to failure of the 
heart, but otherwise the tissues recover iu the course of a few days. 
Traces of fatty degeneration have been observed after prolonged ether 
narcosis also, but they are so slight that no significance attaches to 
them from a practical point of view (Sol bach). Given in small 
quantities for several months, cliloroform leads to atrophic cirrhosis 
of the liver, and to a less extent of the kidneys, spleen and lungs, this 
cirrhotic change forming a sequel to a preliminary fatty degeneration 
of the parenchymatous cells. Some jaundice occasionally occurs after 
chloroform ana3sthesia, and in one case acute yellow atrophy of the liver 
seemed to be induced by it. Ether has no such effect. (Bandhr.) 

Other symptoms of disordered nutrition are obtained from the urine 
secreted during and after the administration of chloroform either by 
inhalation or by the stomach. The nitrogen eliminated is considerably 
increased, and the sulphur shows a similar augmentation, and these 
would seem to indicate an increased destruction of nitrogenous (pro- 
teid) bodies in the tissues. In the normal urine, the sulj)hur appears 
partly in the form of sulphates, partly in forms in which it has under- 
gone less complete oxidation. After chloroform the proportion of these 
constituents is changed, the unoxidized sulphur forming a much larger 
part of the total than normally, and apparently occurring in a substance 
nearly allied to cystin. (Kast and Mester.) This indicates that while 
the breaking up of the nitrogenous tissues is greater than normal, 
the oxidation is not so perfect, and another fact pointing in the same 
direction is the not infrequent occurrence of acetone in the urine and 
breath and of glycosuria. (Becker.) It has long bo(jn recognized that 
diabetes is liable to be aggravated by chloroform anicsthesia, and 
some fatalities after chloroform seem due to this action. The sugar 
of the blood has been found to be increased, and the glycogen of the 
liver is diminished or entirely absent after chloroform ; this is, ac- 
cording to Baton, the effect of a specific action on the ]iv(‘r cells, which 
form glycogen into sugar much more rapidly than usual ; ether has a 
very much less powerful action on them. Bile pigment is said to occur 
in the urine in a considerable number of cases of anajsthesia with 
chloroform, especially one or two day.s after the administration. The 
uric acid of the urine is augmented. 

These elfects of chloroform on the metabolism resemble very closely 

* Tho same divergent views are held in regard U) the nature of this “ degeneration 
as in the case of phosphorus, to the chapter on which the reader is referr^. 
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those of phosphorus poisoning, and have, like them, been ascribed to 
the formation of acid in excess in the tissues. They seem to occur 
only after those substances of the fatty series in which chlorine is 
substituted, ether having little or no effect in producing fatty degen- 
eration or in changing the proportion of the sulphur compounds in 
the urine. 

Immunity. — Anaesthesia with chloroform or ether reduces the resist- 
ance of the tissues and renders animals more susceptible to the invasion 
of bacteria and to the action of toxins. 

Distribution in the Body. — When chloroform or ether is absorbed 
from the lungs, it is carried all over the body by the blood, but is not 
equally distributed throughout the tissues. It has been mentioned 
already that a loose combination exists between chloroform and the 
lecithin and cholesterin of the red cells, and it was to be anticipated 
that those organs which arc richer in these constituents would contain 
larger quantities of the drug. As a matter of fact, botij chloroform 
and ether are found in larger quantities in the brain than in the blood, 
liver or muscles, which is in conformity with the theory of Meyer and 
Overton regarding the causation of narcosis (page 128). 

The Excretion of both ether and ehloroform takes place mainly by 
the lungs. Whenever the partial pressure of the vapor in the alveoli 
falls sufficiently far below that in the blood to loosen the combination 
between the anaesthetics and the constituents of the blood, the drug 
diffuses back into the alveoli, and thence passes into the air. Most of 
the anmsthetic is eliminated very rapidly, but traces of chloroform are 
said to be found in the breath for 24 hours after the inhalation and 
even longer in cases in which there is a tenacious mucous secretion from 
the bronchi. As far as is known this is the only way in which ether 
is excreted, but small quantities of chloroform escape by other channels, 
for it has been found in the urine, and is said to occur in the perspira- 
tion and the milk. Some of the chloroform inhaled seems to undergo 
combustion in the body, for Kast found tlie chlorides of the urine con- 
siderably increased after its inhalation.' The acidity of the urine is 
also augmented, owing to the hydrochloric acid formed by the com- 
bustion. Bongers has found traces of chloroform in the stomach after 
its subcutaneous injection. 

Differences Between Chloroform and Ether. — Ether and chloroform 
resemble each other closely in their general effects, but differ in certain 
points of importance. Thus ether has a much weaker narcotic action 
than chloroform, for Spenzer found that 1.5-2.5 volumes per cent, of 
ether vapor in air produced only incomplete amesthesia, that 3-3.5 per 
cent, induced narcosis in 25, and 4.5 per cent, in 15 minutes, while 6 
per cent, stopped the respiration within ten minutes ; Rosenfeld ob- 
tained no narcosis with 0.5-0.7 volume per cent, of chloroform, com- 
plete narcosis with 1 per cent, only after 30—45 minutes, and respiratory 
standstill with 1.5 per cent, in the course of |-2 hours after ‘the inhala- 

* It is that chloroform in the course of its destruction forms traces of carbon 
monoxide^ which may be reco^iizcd in the expired air, 
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tion commenced.^ So that chloroform is about 3~e3J times as depress- 
ant to the central nervous system as ether, while, on the other^hand, its 
action on the heart is at least 8 times as great as that of ether. Ether 
has to be given in more concentrated form to produce amesthesia, and, 
therefore, produces more irritation of the air passages, as shown by the 
greater secretion of saliva and mucus, by coughing, and by the sensation 
of asphyxia. Dreser has shown, however, that if air containing less than 
6 per cent, of ether be inhaled, this irritation and feeling of suffocation 
is not very marked. Anaesthesia is produced with greater difficulty, 
more slowly and often less perfectly than with chloroform, and tlie 
stage of excitement is generally more violent and prolonged. But tlie 
pulse is not nearly so much affected as by chloroform ; it may be 
somewhat slower than usual, but is full and strong. The concentra- 
tion of chloroform Avhich is necessary to produce anjesthesia is very 
close to the concentration which causes serious impairment of tlie 
heart’s action, while, on the other hand, percent, ether vapor is suffi- 
cient to cause narcosis, but a very much stronger concentration is re- 
quired to cause a dangerous condition of the heart. In the same 
way the difference in the concentration required to produce anais- 
thesia and that which will stop the respiration is very much smaller in 
chloroform than in ether, and the anesthetist has thus more leeway 
when he uses the latter. The changes in the metabolism following 
the use of chloroform are not produced to the same extent, if at all, by 
ether. 

Regarding the Choice of an Anaesthetic it must be said that each has 
its advantages, but tliat ether is less liable to cause dangerous symp- 
toms than chloroform, and ought, therefore, to be used wherever special 
circumstances do not indicate the latter. Chloroform is always pre- 
ferred by the patient, for it causes less irritation and less feeling of suf- 
focation, and it is often preferred by the surgeon because it induces an- 
aesthesia sooner and less of it is required. In cases where excitement 
is to be avoided as much as possible, or in which a very deep amesthesia 
with complete muscular relaxation is required, and in irritable condi- 
tions of the air passages, chloroform ought to be used rather than ether. 
In the case of drunkards, ether sometimes fails to induce deep Jimesthe- 
sia, and in very hot climates antcstliesia with ether may be difficult and 
unpleasant to induce owing to its rapid evaporation, so that in these 
cases chloroform may be necessary. Lastly, where artificial lights are 
necessary (except the electric incandescent), or where the actual cautery 
is to be used, ether is dangerous on account of its inflammability, and 
chloroform is indicated. On the other hand, chloroform is specially con- 
traindicated in cases of fatty change of the heart and in renal disease. 
The disadvantages of both anaesthetics may oft<*n be avoided by in- 
ducing unconsciousness by chloroform and prolonging it by small 
quantities of ether. The effects of the prolonged use of chloroform 
are avoided in this way, and at the same time the excitement is less 

* Other investigators have found different absolute values from these, but the relative 
strength of ether and chloroform is generally held to be about 1 to 3. (Honigmann. ) 
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marked^ and less irritation of the air passages is elicited than if the 
anaesthesia had been induced by concentrated ether vapor. 

The Dangers of Anaesthesia are caused only in part by the direct 
action of the ether or chloroform, for fatal accidents have occurred 
from objects such as false teeth or tobacco plugs falling into the air 
passages and causing asphyxia, while vomited matter has been drawn 
into the larynx in some cases. Very often the relaxation of its 
muscles permits the tongue to fall back into the throat, rendering the 
breathing labored and stertorous ; this is at once relieved when the 
tongue is drawn forward. The accumulation of saliva and mucus, or 
blood in the throat may lead to similar symptoms. In these accidents 
the chloroform or ether is only indirectly the cause, but in a large and 
ever-increasing number of cases, the fatal effects must be ascribed to 
the direct action of the anaesthetics. The proportion of accidents during 
amesthesia is very difficult to estimate, and great discrepancies occur in 
the statistics of different surgeons. Thus, in one of the London hos- 
pitals, one death occurred from chloroform in 1,236 cases of anaesthesia ; 
Juillard gives one in 3,258, McGuire one in 15,000, as the proportion 
of fatalities, while Lawrie gives a series of over 40,000 cases without 
a single death. A fair average would seem to be one death in 3,000 
chloroform inhalations. The statistics of ether fatalities also vary 
from one death in 3,000 to one in 16,000 cases, but probably one in 
10,000-12,000 cases would represent the average mortality.^ 

A very prolonged discussion as to the Cause of Death in these cases 
has been carried on, and even now there cannot be said to be any 
unanimity of opinion on the subject. A fatality may occur practically 
at any stage of the ansesthesia, and the accounts of its onset and symp- 
toms differ exceedingly. In the majority of cases it is stated that the 
pulse suddenly disappeared, and the breathing either ceased at the same 
moment or after one or two weak inspirations. In others the respi- 
ration is stated to have ceased before the ])ulse, and in several the 
heart-beat could be felt or heard after the pulse ceased. A very con- 
siderable proportion of the fiitalities under chloroform occur early in 
the ansDsthesia, often before the ojieration has been begun, and these 
have generally been regsirded by anaesthetists as due to a reflex arrest 
of the heart. This has been disputed by experimental investigators, 
and, as in these accidents it is impossible to make exact observations, 
owing to the necessity for prompt measures lor resuscitation, it has 
often been denied that fatalities occur from this cause. The subject has 
recently been the subject of prolonged research by Embley, who has 
triumphantly vindicated the position of the practical anaesthetists by 
showing that fatal arrest of the heart may occur in early chloroform 
anaesthesia through excessive inhibitory action upon the weakened 
heart. This danger does not seem to be caused by ether to the same 
extent, and this is in accordance with its much weaker effects on the 
heart. These early fatalities in chloroform anaesthesia are due in part 

' Gurlt’s careful statistics of 330,000 cast*s of anaesthesia gave a mortality of 1 in 
2,000 for (rlih^rofoim and 1 hi 5,000 for ether, but these both seem unusually hi^jh. 
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to the chloroform already absorbed, in part to reflexes arising from its 
irritant action and from the excitement and stinggllng.* 

But fatal accidents may occur in anaesthesia from chloroform or 
ether, by the action on the oi^ans after the danger of reflexes has dis- 
appeared, from the depression of the central nervous system. The 
explanation of these fatalities has been much disputed, the view hav- 
ing prevailed formerly that while ether paralyzed the respiration with- 
out afiecting the heart, chloroform acted first on the heart and para- 
lyzed it before the respiratory centre. In 1 889 some criticisms by the Zan- 
cet of the results of experiments in Hyderabad led the Nizam (Prince) 
of that province to appoint a commission, including Sir liauder Brun- 

Fio. 11. 



Tracings of the blood-pressure (upper) and of the respiration (lower) of the cat in the last stage of 
ether anaesthesia, failure of the respiration . At A” the ether was shut oft*, and at li artindal respira- 
tion was begun. The oscillations on the respiratory tnicings af ler 1) arc due to the artilicial respira- 
tion. The heart continues to beat after the failure of the respiration. The pulsations increase in 
8i/.e, not from an increase in the strength of the lieart, but from the slowness of the beat, which gives 
time for the arteries to empty themselves between each ))ulsc. 


ton, to investigate the question, and after experimenting on over 600 
animals, this commission came to the conclusion that death during 
chloroform inhalation is always due to arrest of the respiration. This 
decision has been subjected to much criticism, and there is no question 
that the alterations in the circulation j)ri)duc(Kl by chloroform were not 
properly appreciated, or, at any rate, were not suflicioiitly emphasized 
in the report. The condition when tlie breathing fails during deep 
anffisthesia varies with the concentration of the va|K)r. If very dilute 
chloroform or ether Iw inhaled, the respiration always ceases several 
minutes before the heart, which wntiiiucs to bmt fairly strongly at 
first but rapidly becomes weaker. If mores comsentrated vapor be 
used, the respiration again ceases before the heart, which is, however, 
much weakened and comes to a standstill afiter a short interval ; and 
as the concentration is incrca.sed, the weakness of the hcsirt, at the mo- 
ment when the respiration fails, also incrcascss, and the interval between 
the arrest of the respiration and of the heart-beat Iwcotnes shorter. 
Finally, when air saturated with vapor is inhaled, the interval between 
the two IS so short as to be inappreciable (Fig. 12). Wlien concen- 
trated vapor of either chloroform or ether is inhaled, the pulse may 
be so wciJk as to be no longer i>erceptible before the respiration 
ceases, and the ansesthetist, therefore, believes that heart failure has 
been the cause of death, but if the movements of the heart be regis- 
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tered directly, it is found beating as long as the respiratory movements 
are carried on. The importance of the condition of the heart is fur- 
ther shown by the results of attempts to resuscitate the animal after 
the respiration has ceased ; for if artificial respiration be commenced at 
once, the animal can invariably be restored to life, provided the heart 
has not been weakened too much ; but if concentrated vapors have 


Fig. 12. 
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Diagram reprosonting the state of the heart at the failure of respiration from an amesthetic (chloro- 
form or ether). A represents the respiratory movements, which cease very early in the tracing, B 
the pulsations of the heart at tliis point if the anoesthctic vapor has been much diluted with air, dif 
it is of medium strength, 1) i f very concentrated, and E if saturated. The heart pulsations are recorded 
by. the mercury manometer. 


been inhaled, the heart is unable to carry on the circulation, and the 
animal cannot be resuscitated. 

Hill has recently pointed out that the failure of the respiration may 
be caused in part by the anaemia of the central nervous system from 
the fall in blood-pressure. The weakness of the heart induced by chloro- 
form is therefore fraught with double danger, for not only is the circu- 
lation imperiled by it but the respiration is indirectly weakened. 

From a practical point of view, it is of comparatively little impor- 
tance whether there are a few fluttering beats of the heart after the 
last inspiration or not. The all-important question is whether the 
heart has been so injured as to be unable to carry on the circulation, 
and this is decided by the concentration of the vapor that has been in- 
haled. It has been mentioned already that ether acts very much less 
on the heart than chloroform, and this is really the reason why ether 
is so much the safer anaesthetic. Even when dilute vapor of chloro- 
form is inhaled, the heart is considerably injured when the respiration 
ceases, while unless very concentrated ether fumes be inhaled, the 
weakness of the heart is very much less. In the inhibitory cardiac 
arrest also the concentration in which the chloroform has been inhaled 
is the all-important factor, for if the heart has been seriously damaged 
the arrest is final, while when less concentrated vapor has been used 
the heart overcomes the inhibition and resumes its contractions. 

The autopsy in cases of death by chloroform or ether shows no spe- 
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cific lesions. The blood is often dark colored from the asphyxia, and 
the heart is found dilated. Irritation of the respiratory passages may 
be present in ether poisoning, and the odor of the anaesthetic may be 
recognized in the different or^ns. Microscopic examination may 
show some alterations in the cells of the respiratory centre and cardiac 
ganglia, fragmentation of the heart muscle, and some degeneration of 
the liver, kidneys, spleen and heart after chloroform (Poroschin). 

Apparatus and Principles. — The principles on which the safe pro- 
duction of anaesthesia is based, then, are comparatively simple, but 
their interpretation into practice has given rise to various methods. 
A large number of inhalers have been introduced with the object 
of permitting of only a certain degree of concentration of the vapors. 
But the great majority of these are entirely erroneous in principle, 
the concentration of the vapor being determined by the character 
of the respiration of the patient, and the number of accidents has not 
been appreciably reduced by their use. In one of these, the amount 
of oxygen available for respiration was found to be reduced to 6 per 
c^nt., while the carbonic acid had risen to 7.8 per cent, after two min- 
utes’ respiration. This mixture of gases is insufficient to support the 
combustion of a dandle, and is very near that which is immediately 
fatal to animal life. In another the concentration of the vapor was 
found to vary between 1.2 and 16.4 volumes per cent. Several 
apparatuses have recently been constructed on correct principles, which 
allow of an exact gradation in the strength of the vapor inhaled, but 
they are exceedingly cumbrous, and while they might be used in hospi- 
tals, are certainly not available for ordinary practice. The advantage of 
this principle of measuring the concentration of the vapors is further 
only relative, for it has been shown that vapors so dilute as to 
be absolutely safe do not induce anesthesia within a reasonable 
time. Thus 1 per cent, chloroform seems to be absolutely safe, 
but ^no surgeon will wait hr. for the anesthetist. To induce 

anesthesia, therefore, vapors have to be used, which would in time 
be fatal, and only after the reflexes disappear, is it possible to 
reduce the concentration to the j)oint of absolute safety. The 
responsibility of tlie aiuesthetist is, therefore, lessened, but by no 
means entirely removed by these nmthods. In the vast majority of 
eases, however, much simpler apparatus is used, and the ordinary mask 
or towel on which the ansesthctic is poured is not responsible for a 
larger proportion of accidents than the more complicated forms of ap- 
paratus. When no inhaler is used, the amesthetist attempts to regulate 
the concentration of the vapor according to the symptoms, and this can 
be done with complete success by watching the respiration closely. If 
the breathing be shallow, much less concentrated vapor is inhaled into 
the alveoli than if it be deep and gasping, for in orfinary respiration 
the air in the smaller bronchioles and alveoli is not exchanged directly 
with ever?^ respiration, but only by a process of diffusion from the 
larger air passages. The deeper the respiration, however, the further 
does the vapor penetrate and the lower the concentration needed to 
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. cliange the quantity in the blood. An experienced ansesthetist, by 
watching the respiration, removing the mask during deep breathing 
and replacing it when it becomes steady, can regulate with sufficient 
nicety the concentration of the aniesthetic in the alveoli and thereby 
the quantity in the blood. When ana3sthesia has been attained, he of 
course ceases the administration until the return of the reflexes indicates 
awakening consciousness, and even then applies much smaller quantities 
than were necessary at first. This method of inducing ana3sthesia re- 
quires the aiiiBsthetist to watch only the respiration and the reflexes, 
and is that advised by Simpson and his followers (see Hyderabad Com- 
mission Report). A further safeguard has been sought for in the con- 
dition of the pulse, and this would seem the natural consequence of 
what has been stated above as to the importance of the condition of 
the heart. The pulse, however, is not very reliable as a guide in 
anaesthesia, for in the second stage, in which a certain number of fatal- 
ities occur, it is quickened by the excitement and may be irregular, and 
only gives indications of danger when it is too late to take measures to 
prevent it. In the third stage it may become gradually weaker, and 
thus indicate approaching danger, but if the respiration be watched 
the warning is given earlier. A large number of anaesthetists advise, 
however, that pulse and respiration both be watched, and this would 
seem to be the safest method, provided always that the anaesthetist does 
not depend on the pulse too much for indications of danger, and does 
not allow it to distract his attention from the more important indica- 
tions given by the respiration. 

Preliminary Examination. — Before anresthesia, a careful examination 
should be made of the condition of the patient, and if there is great 
anxiety and excitement, a hypodermic injection of morphine may be 
given beforehand, or chloral may be prescribed, but these are rarely 
necessary. Valvular disease of the heart does not contraindicate an 
amesthetic unless there are marked symptoms of inefficiency, such as 
dropsy or oedema. In fatty disease of the heart, on the other hand, 
chloroform is to be avoided, and if it seems extensive, ether is also 
dangerous from the strain put on the circulation during the excitement. 
Chloroform is liable to induce fatty degeneration of the heart, and for 
this reason it would not seem advisable to use it in successive operations 
on the same patient. Atheromatous arteries are dangerous from the 
tendency to apoplexy during the second stage also, and if anmsthesia 
is absolutely necessary, an opiate ought to be given previously. Anes- 
thesia is said to be dangerous in cases of brain tumor, and this may 
possibly arise from the fragility of the vessels. In cases of bronchitis 
and catarrh of the air passages, chloroform is to be preferred to ether 
as it is less irritating, while in Bright^s disease chloroform is generally 
more injurious than ether from the resultant albuminuria and tendency 
to fatty degeneration, although ether is also believed by many^to disturb 
the renal functions. Advanced diabetes contraindicates anaesthesia, 
the sugar increasing in the urine afterwards and coma and death some- 
times supervening in the course of a few days. Da Costa recommends 
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that whero there are symptoms of ausBmia, ah examination of the blood, 
should be made before anaesthesia, and states that where the haemo-. 
globin is found to be deficient, great care is necessary and that where 
it is lower than 50 per cent, of the normal, an anaesthetic is contra- 
indicated. 

Practical Anaesthesia. — The patient should have a light, easily di- 
gested meal 2—4 hours before, so that the stomach may be empty and 
vomiting avoided as far as possible. The bowels should also be regu- 
lated the day before for the same reason. He should then be laid on 
a table of suitable height with a low pillow, and should remove false 
teeth and any other foreign object from the mouth. The clothing 
about the neck, chest and abdomen is to be loosened or removed to 
allow of perfectly free respiration, but warm blankets or w'arm bottles 
should be applied as far as possible to prevent the fall of temperature 
if the operation is likely to be a long one. The eyes are closed in 
order to protect the conjunctiva from the irritating vapor. The 
anaesthetic is then applied on a towel or on a mask, which ought to 
be freely permeable by the air, and ought not to fit closely to the face. 
It must be remembered that the air passes through clotli with much 
greater ditSculty when it is wet by the saliva and mucus, and that a 
mask which is freely permeable at the commencement of an operation, 
may lead to asphyxia after it has been soaked during the first and 
second stages. The patient is instructed to breathe as regularly as 
possible, or to count from one upwards, and some of the anassthetic is 
dropped on the mask. If the breath be held, the mask should be 
raised a little from the face, as the next inspiration will be a very deep 
one. During the excitement stage the respiration is irregular, and 
great care must be taken to avoid the inhalation of too concentrated 
vapor. As soon as the coivjunctival reflex disappears, the mask is re- 
moved, and is replaced only when it reappears or when the patient 
evinces signs of pain. Throughout the aiuesthesia, care must be taken 
to i)revent any interference with the respiration by the operator lean- 
ing on the thorax or abdomen. Very often stertorous respiration sets 
in from the tongue falling back into the throat, and this has to be 
remedied by pressing forward the angle of the jaw, or if this is not 
sufficient, by pulling out the tongue with a blunt-pointed forceps. 
Vomiting is a very common occurrence in amesthesia, and when it sets 
in, the head is turned to one side and the vomited matter removed 
with a sponge. 

A more serious accident is the failure of the respiration. A reflex 
arrest often occurs in the first stage, but is not of importance in itself, 
but only from the deep gasping inspiration which follows it. If the 
anaesthetic be given too long in concentrated form, however, the res- 
piration fails from direct action on the centre, and this demands im- 
mediate attention. The head ought to be lowered at once, and the 
lower limbs elevated, in order to drive the blood to the head as far as 
possible and thus remedy the anaemia of the brain from the weakness of 
the heart that accompanies the cessation of the respiration. The epi- 
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glottis must be raised by pressing forward the angles of the jaw (Hare), 
or by dragging forward the base of the tongue with hook or finger. 
Artificial respiration in one or other form ought to be commenced at 
once, and carried on as long as is necessary ; a large number of methods 
of performing artificial respiration have been proposed, but they can 
only be taught in a practical class and need not be entered upon here.^ 
If the pulse is weak, intermittent pressure over the heart may aid it in 
carrying on the circulation, and it has been proposed to pass one hand 
up under the ribs, and then press the heart between the two hands and 
aid it in expelling its contents. If the heart stops at this stage, there 
is little hope of reviving the patient, although this can often be 
done in animals by kneading the heart between the two hands. Various 
drugs have been recommended in these cases, but it is exceedingly 
questionable whether they are really of service ; alcohol, ammonia and 
ether have been injected subcutaneously, and may conceivably cause such 
local irritation as to reinstate the respiration reflexly, although this is 
improbable. Strychnine, cafieine and atropine have been injected as res- 
piratory stimulants, and digitalis to strengthen the heart contraction ; as 
a matter of fact, however, if the circulation is strong enough to cause the 
absorption of these drugs and carry them to the respiratory centre and 
the heart, the patient will recover with the artificial respiration alone, 
while on the other hand, they are of no value unless absorbed. Nitrite 
of amyl is often given by inhalation in cases of accident, but the blood- 
pressure is so low already that there really seems no advantage in re- 
ducing it further, and amyl nitrite can have no other action. 

Sudden arrest of the heart is the most dangerous accident of anaes- 
thesia, and, as Embley has shown, is due to inhibitory stimulation act- 
ing on the weakened heart. The treatment consists in inversion, arti- 
ficial respiration, and massage of the heart. Atropine should be 
injected in order to paralyze tlie inhibitory mechanism, and in view of 
the arrest of the circulation it might be thrown into the heart directly 
by means of a long hypodermic needle. 

In the course of very long operations it is recommended to allow 
the patient to almost recover consciousness at intervals, but this is often 
impossible without interfering with the course of the operation. It 
must be remembered that in prolonged anaesthesia comparatively small 
quantities are required to maintain unconsciousness when it is once 
completely reached, and at the same time that, owing to the fall of tem- 
perature and the prolonged action of the drug, the quantity necessary 
to produce cessation of the respiration and the heart is much smaller 
than during shorter operations. In order to induce ansssthesia within 
a reasonable time, comparatively strong vapor may be used at first, 
but as soon as unconsciousness is reached, the vapor ought to be diluted 
as far as is compatible with the continuation of the narcosis. 

On the completion of the operation, the patient seldom requires fur- 
ther attention from the anaesthetist; after prolonged anaesthesia heat 

* For a co»jjj)aiison of the efficacy of different forms see Sekdfer, Medico-Chirurgical 
Ti-ansttctioiis, vol. sup^rlement, 1904. 
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may be applied by warm bottles, etc., as the temperature often continues 
to fall for some time after the administration of the drug has ceased. If 
vomiting persists after the recovery of consciousness, ice may be sucked, 
or bismuth may be prescribed. The inhalation of vinegar lias been 
i^commended and relief is sometimes given by lavage of the stomach. 

The patient should always be placc^d in the recumbent position when 
possible, as otherwise the weakened heart tends to drive the blood in the 
direction of least resistance, that is, downwards, and in the depressed 
condition of the vaso-motor centre, this is not counteracted by the con- 
traction of the arterioles of the abdomen, and anaemia of the brain and 
syncope are liable to result. The operation ought not to be commenced 
until anaesthesia is complete ; otherwise reflex inhibition of the heart or 
shock may result and lead to fatal results. 

Various drugs have been advised as preliminaries to ana'sthesia, 
generally with the object of preventing the reflex arrest of the respira- 
tion and heart. Thus atropine and sparteine have been proposed to 
paralyze the vagus, and to arrest the mucous secretion and vomiting, 
and spraying of the nose with cocaine has rectmtly been advised to par- 
alyze the sensory terminations and so prevent the irritation which sets 
up the reflexes. It has been proposal to dilute ether or chloroform 
vapor with oxygen instead of air, but there seems no theoretical reason 
why this should have any advantages, and in practice it has been used 
in too limited a number of cases to allow of trustworthy inferences. 
In order to avoid the unpleasant suffocating effects of ether and to per- 
mit of less concentrated vapor being used, the injection of O.Ol-O.O^ G. 

gr.) of morphine has been advocated as a preliminary to ether 
anaesthesia, and this has become a routine procedure in some clinics 
from which satisfactory results are recorded. In others some less 
unpleasant anaesthetic, such as nitrous oxide or ethyl chloride, is used 
to induce anaesthesia, which is afterwards maintainal by ether. 

Of late years a good deal of interest has been excited by the dis- 
covery that the perils of anaesthesia are not over when consciousness 
returns, but that fatal consequences may follow several days later. 
These late fatalities are due to fatty degeneration of the heart and 
kidneys or to diabetic coma in the case of chloroform, to bronchitis, 
pulmonary cedema and pneumonia after ether. No reliable data are 
as yet available as to the frequency of these sequelae, as it is very diffi- 
cult to distinguish between the results of the ansesthetic and the ordi- 
nary forms of disease. Even the projwrtion of cases in which albumi- 
nuria occurs after chloroform seems to vary remarkably in different 
hospitals, for it is given as low as 5 per cent, by some authors and as 
high as 30 percent, by others ; this may perhaps be explained by differ- 
ences in the duration of the anaesthesia. The irritant effects of ether and 
the liability to pulmonary affections afterwards have been so evident that 
some surgeons have returned to the use of chloroform, believing that 
the late effects in ether claimed as high a proportion of victims as the 
more immediate effects of chloroform. Dreser has shown, however, 
that the irritant action of ether and its consequent dangers may be 
largely avoided by the use of dilute vapor. 
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Therapeutic Uses. — Anassthesia is generally induced for the purpose 
of surgical operations and examinations, and in labor. Until recent 
years, when it was necessary to perform an operation or manipulation 
involving much pain, the surgeon had to consider only which of the 
two general anesthetics was the better adapted to the case. But the 
improvements introduced in the methods of inducing local anesthesia 
and the reintroduction of nitrous oxide as a surgical anesthetic have 
now enlarged his field of choice, and the further question has to be met 
whether unconsciousness is desirable, or whether the necessities of the 
case may not be met by paralyzing sensation at the seat of operation 
only. The advantages claimed for local anaesthesia will be discussed 
under cocaine, but the general conditions in which chloroform and 
ether are to be preferred may be stated shortly (see also nitrous oxide). 
General anaesthesia is absolutely essential where complete relaxation of 
the muscles is desired, and where the movements of the patient may 
imperil the success of the operation. Operations on the abdominal 
organs and around joints and such others as involve wide and deep 
incisions will almost certainly continue to be performed under chloro- 
form or ether, although a few such operations have been attempted 
under cocaine. In many less serious operations it is necessary also to 
have recourse to the older methods, which allow greater freedom to the 
surgeon, who is under no apprehension that he may reach a sensitive 
area and has thus one less source of anxiety than if the anesthesia were 
localized. Another argument for the use of general anesthetics is the 
effect which the anxiety and the sights and sounds of the operating 
room may have on a nervous patient even when no actual pain is felt. 
And a considerable amount of practice is required before complete local 
anesthesia can be induced over an extensive field of operation, while 
the surgeon has often to interrupt his manipulations in order to admit 
of a fresh area being rendered analgesic. But there is no question that 
many operations in which ether or chloroform has hitherto been 
employ^, will in the future be performed more often under local anjBS- 
thesia or nitrous oxide. In this class may be included most minor 
operations in which only very short or partial anaestliesia is necessary 
and in which no complications are to be anticipated. 

During labor only the lighter degrees of ansesthesia are necessary, 
the object being to dull the pain without lessening to any marked 
extent the reflex irritability of the spinal cord, and accidents are 
extremely rare in this use of anaesthetics, although the common state- 
ment that they are unknown is incorrect. Some cases have been 
recorded in which it is believed that chloroform was fatal to the child 
and not to the mother, but it is, of course, impossible to state with cer- 
tainty that the anaesthetic was the cause of death. If too deep anaes- 
thesia is produced, however, it is quite conceivable that the labor 
may be prolonged, or the blood-pressure so reduced as to lead to 
an imperfect exchange of gases in the placenta and thus to the 
death of the infant; or as another explanation it might be sug- 
gested that the irritability of the respiratory centre of the child may 
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be so l^educed that it fails to react when the placental circulation is 
interrupted. 

AnaBsthetics are also employed in cases of extreme irritability of the 
central nervous system, as in strychnine poisoning, tetanus or other con- 
vulsive aflfections. In order to reduce these, it is unnecessary to produce 
deep anaesthesia, a few whilfs of chloroform being generally suflieient 
to produce quiet, often without affecting the consciousness to any 
marked extent. In cases of very acute pain, chloroform or ether may 
be used, but as a general rule morphine or opium is preferable, as the 
action lasts much longer and the administration is much more con- 
venient. 

During the stage of excitement of anjesthesia, the dreams of the 
patient sometimes assume an erotic character, and charges of criminal 
assault haveJ^een repeatedly brought against surgeons by women whom 
they had anaesthetized. It is, therefore, advisable to give chloroform 
to women only in tlie presence of a third person. 

The local action of chloroform and ether on the stomach and skin 
is entirely independent of the action as amesthetics, and has to be 
discussed separately (see page 181 ). 


PUEPARATIONS. 

U. S. P. — Chlorofoumum, a liquid containing 99-99.4^ by weight of 
absolute cliloroform (CHCla) and 0.6-1^ of alcohol. 

JEther, ether, a liquid composed of about 9fi% by weight of absolute ether 
or ethyl oxide ((OglTj)^!)) and about 4% of alcohol containing a little water. 

-d^TiiYLis Chloridum, ethyl chloride (O^HrCl), an cxtrciiielv volatile liquid 
boiling at 12.5-18*^ C. (about 55° F.). 

B. P. — Chlorofoumum, chloroform (OHCl;,), must have a specitic gravity 
of 1.490-1.495, that is, must contain 99 per cent, of absolute chloroform. 

uEther, ether, or sulphuric ether, a volatile liquid prepared from alcohol 
and containing not less than 92 ^ by volume of pure ether or ethyl oxide 
((C,H,),0). 

Ji^THER PURIFICATUS, ether freed from most of the alcohol or water, aud 
of 0.720-0.722 specific gravity. 

Chloroform is ordinarily formed by the action of chlorine on alcohol, the 
chlorine being added in the form of chlorinated lime. The crude drug is 
purified by repeated washing witli water and sulphuric acid, and dried over 
c^alcium chloride. The fatalities following its use have frequently been 
ascribed to impurities, and a certain demand has arisen for a purer article 
than that required by the pharmacopenias. Another method of preparation 
has therefore been introduced, the decomposition of chloral by soda (Ohloro- 
formum e Chloral prseparafum). Other pure forms are prepared from ordi- 
nary chloroform by crystallizing it by cold (Pictet), or by forming a com- 
pound with salicylid and decomposing it again by slight heat, Chloroform 
{Anschutz) or Chloroform {Salicylid). 

The impurities of chloroform are due partly to imperfect manufacture and 
partly to decomposition. Along with the chloroform there distils over a 
.small quantity of heavy oily fluid, which may be i.solated by Pictet^s method, 
but whose composition is entirely unknown. DuBois-Reymond found that 
this fluid a^ted more strongly on the heart than pure chloroform, but it is 
very questionable whether the minute quantities inhaled in ordinary anses- 
thesia produce effbets of any importance, and, on the other hand, it is quite 
certain that the use of absolutely pure chloroform does not prevent accidents* 
Chloroform undergoes decomposition when exposed to light and air, hydro- 
12 
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chloric acid and chlorine being set free in small quantity. These can affect 
the course of anajsthesia only through tiieir local irritant action, but if pres 
ent in sufficient quantity may cause the respiration to be more irregular than 
usual in the earlier stages ; the chloroform used lor ausesthetic purposes 
ought, therefore, to be kept in a dark place or in colored bottles. Another 
decomposition occurs when chloroform is evaporated in the neighborhood of 
a large flame, such as from gas or lamps, and hydrochloric acid and phosgen 
(CCljO) are formed, the latter being a gas with exceedingly irritant prop- 
erties. 

Chloroform is a heavy volatile fluid, of charactei’istic pleasant odor and hot 
sweetish taste. Its specific gravity is 1.490 (U. S. P.) and 1.490-1.495 (B. P.), 
and it boils at 60-62® C. A number of tests are given for impurities, but 
those of importance can generally be detected by the odor, especially if 
some chloroform be allowed to evaporate in a watch-glass, when the last 
drop ought to have no irritant effect when inhaled. Chlorine and hydro- 
chloric acid may be tested for by shaking the chloroform with distilled water, 
and testing the latter with potassium iodide and starch and with silver ni- 
trate. The water ought to give no acid reaction to litmus. If left in contact 
with concentrated Sulphuric acid, chloroform should not become darker within 
one hour, as this indicates the presence of some foreign unstable body. 
The other impurities require complicated chemical processes for their detec- 
tion. 

Ether is prepared by the action of sulphuric acid on alcohol, and is subse- 
quently purified by washing with water and alkalies. It seldom contains 
impurities of imporhince. Jfether (B. P.) is unsuited for aniesthesia, and, in 
fact, is entirely superfluous. JEther purificatus (B. P.) and ASther (U. S. P.) 
are practically identical and are the forms intended for inhalation. Ether is 
a very volatile fluid, of a suflbeating, irritant odor and bitter taste. Its specific 
gravity is 0.725-0.728 (U, S. P.), and 0.720-0.722 (B. P.), and its boiling point 
is 86-37® C. It evaporates very rapidly in the air and should leave no foreign 
' odor and no residue. It should not color litmus paper, nor be colored within 
an hour when shaken with potassium hydrate solution. Ether vapor is exceed- 
ingly inflammable when mixed with air, and it should therefore be kept in a 
cool place, away from gas flames or lamps. 

Various other inembei^s of the fatty series have been introduced as general 
anaesthetics at different times, but te.w of them have proved to have any advan- 
tage over chloroform and ether, and fatalities have occurred after all of those 
that have received a wide trial. Fental, trimethylethylene (( 0113)20 — OHOH3) 
has been introduced for short operations within the last few years, and possesses 
the advantage that no after-effects are suffered fi’oin, the patient feeling perfectly 
well a few minutes after regaining consciousness. Its use is not absolutely safe, 
however, as was once asserted, for several accidents have occurred under it 
within a comparatively short time. Pental produces anaesthesia before the 
reflexes disappear or the muscles relax, and not infrequently the 'jaws are 
tightly closed after consciousne.ss is lost. In some cases tremor and convulsive 
attacks have occurred during its administration, but it seems to have very little 
action on the heart or circulation. In the frog it is said to paralyze the ter- 
minations of the motor nerves. Ethyl Bromide (CjHgBr) has also been used 
largely in recent years for short operations instead of chloroform, and pro- 
duces anaBsthesk with great rapidity. Consciousness returns quickly after 
the removal of the mask, but, on the other hand, the inhalation is not so 
pleasant as that of pental and patients complain of greater depression and 
discomfort afterwards. Hennicke found that 10 vol. per cent, of ethyl bro- 
mide were necessary to anesthetize animals within 5 minutes, and that if 
this concentration were maintained, death occurred in 15 minutes, so that it 
is by no means to be considered a perfectly sate anesthetic ; several deaths 
have occurred from its qse in dentistry. Both pental and ethyl bromide are 
administered on a' mask in the same way as ether. Ethyl bromide must be 
distinguished from, ethylene bromide (CgH^Br^) which is a much more dan- 



V: ; wriER lid 

gerous ailaBBthetic, Ethyl bromide is very liable to decomposition when 
kept long, and is often furnished in an impure form ; it ought to be perfectly 
colorless, as a yellowish color indicates decomposition, often with the pres- 
ence' of free bromine. Ethyl Chloride (CjHgCl), or Kelene, has been advo- 
cated of recent years as an anaesthetic for minor operations and examinations 
and appears to be safer and more satisfactory than the bromide. It is kept in 
sealed tubes and inhaled through a mask as it is extremely volatile, boiling at 
about 12® 0. Anaesthesia is obtained in about 2-5 minutes, but complete muscular 
relaxation is often absent. Recovery follows a few minutes after the removal 
of the mask. It is not unpleasant to inhale and induces no unfavorable symp- 
toms generally. The pulse is generally slowed, while the respiration is deep. 
The blood-pressure is found to be reduced in animals in deep anesthesia. Some 
major operations have been performed under ethyl chloride, but it is found diffi- 
cult to maintain a unifonn anaesthesia, owing to the rapidity with w’hich con- 
sciousness returns. It is often employ^ to introduce anaesthesia, which is then 
maintained with ether. ^ 

The other members of this series possess no practical importance. It may be 
mentioned that tetrachloride of carbon (CCl^) differs from the others in causing 
convulsions, while pcrchlorethane (CjClp) is a crystalline solid and possesses too 
high a boiling point to be available for inhalation. 

, Various Mixtures of the Anaesthetics have been ndvised at different 
times. Of these the ACE mixture (alcoliol 1, ether 2 and chloroform H paits 
by volume) is the beat known. Its use has, however, been attended with 
iiuuHiroiis fatalities, as 'was only to be expected from a eonsidc^ratioii of the 
volatility of the different ingredients. Ether, being the most volatile, is first 
inhaled, and then chloroform, and last of all the alcohol. The safe concen- 
tration of ether is, however, much greater than that of chloroform, and a vapor 
which may be perfectly safe as long as it consists of ether for the most part, 
may become exceedingly dangerous when it consists of chloroform. This 
method, therefore, increases the responsibility of the ehloroformist by leav- 
ing him in complete ignorance as to the composition of the aiieestlietic at 
any given time. 

A new series of mixtures, advocated recently by Schlcich, consists of dif- 
ferent proportions of chloroform, ether, and petroleum ether, the more 
volatile part of petroleum (boiling at 60-65® C.). His object is to have a 
fluid which boils as near the blood temperature (38.4®C.) as possible but it is 
unnecessary to enter into the theoretical principles on which ho based lus 
mixture as these have proved to be en*oneous and such a fluid as he advises 
has no constant boiling point (Braun). The aniesthesia is induced and main- 
tained for the most part by the ether, which forms 70-80 per cent, of his mix- 
ture, and the 174-24 per cent, of chloroform merely accelerates and deepens its 
action. The petroleum ether is quite superfluous, and the danger of the mix- 
ture lies in the ffict that the vapor consists at one time of ether mainly, while 
later most of it may be chloroform. In favor of the mixture of the two aiucs- 
thetics it has been urged that very small quantities are required to induce 
unconsciousness, while, on the other hand, the respiration is more unfavorably 
influenced than by either of them given alone (Honigmann). Aimihol is a 
dangerous mixture of ethyl chloride, chloroform and ether ; Somnofrmn, of ethyl 
chloride, ethyl bromide and methyl chloride. 

Local Action and Uses. 

In addition to their use as anaesthetics, cliloroform and ether are 
sometimes prescribed for the same purposes as the volatile oils. 
Chloroform has a hot, sweetish taste, while ether is bitter and suffocat- 
ing in the mouth \ a sensation of heat and often of pain in the stomach 
follows when they are swallowed, and chloroform may cause gastric 
irritation and catarrh when given undiluted. The movements of the 
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stomach are accelerated, and Batelli states that a certain amount of 
shortening of the muscular fibres occurs. The whole effect is similar 
to that produced by the volatile oils, but absorption probably takes 
place more rapidly. On the skin, ether evaporates too rapidly to 
cause much irritation, but chloroform is occasionally used as a rube- 
facient in the form of a liniment. 

Preparations. 

The pure substances may be administered by the mouth, but more fre- 
quently other preparations are prescribed. 

Chlorofm^m, 0.5-1 c.c. (8-15 mins.). 

JUtlier, 0.5-1 c.c. (8-15 mins.). 

Spiritus 45THERIS (U. S. P., B. P.), 2-5 c.c. (30-90 m.). 

Spiritus ^therts Compositus (U. S. P., B. P.) (Hoffmann’s Anodyne) 
contains a number of esters of ethyl and other substances known as 
^‘ethereal oil,” together with ether and alcohol, 2-4 c.c. (.}-! fl. dr.). 

Spiritus Ctiloroformi (U. S. P., B. P.), 1-4 c.c. (20-60 min.) (5-20 m. 
for repeated doses, B. P.). 

Emiilfium Cldoroformi (U. S. P.), 15-30 c.c. (J-1 fl. oz.). 

Aqua Chloroformi (U. S. P., B. P.). 

Liniment am Chloroformi (U. S. P., B. P.V 

Tinctura Chloroformi et Morphinte Composita (B. P.) contains one per cent, of 
morphine hydrochlorate, chloroform, prussic acid, c^innabis indica, capsicum 
and oil of peppermint, and represents the patented medicine ‘‘ chlorodyne.” 
Dose, 5-15 m. It is used as a soporific (see morphine). 

JEther Aceticus (U. S. P., B. P.), acetic ether, an ethereal fluid consisting 
of ethyl acetate, 1-3 c.c. (20-40 mins.). 

Therapeutic Uses. — These preparations are used for the same pur- 
poses us the corresponding preparations of the volatile oils. Thus the 
spirits and emulsion may be prescribed as carminatives or in colic, 
while the liniment is used as a counter-irritant. Chloroform water is 
an antiseptic of considerable power, but is too volatile for surgical use. 

Spirits of ether and ether itself are often given internally or sub- 
cutaneously in cases of shock or sudden collapse in the same way as 
brandy or whiskey, though Elfstrand states that ether injected hypo- 
dermically has no effect on the heart or blood-pressure; spirits of 
ether contains a much larger percentage of alcohol than ordinary 
whiskey. Both ether and chloroform, but more especially the latter, 
have been used internally for tapeworm with success. There is always 
some danger, however, that, besides destroying the parasite, they may 
cause irritation and lasting injury to the intestinal wall. 

Hofmann’s anodyne is a favorite carminative, and is often added to 
other drug? to lend them an agreeable odor and taste. It is also used 
in dilution as a stimulant in the same indefinite way as wine and 
spirits, and its large percentage of alcohol, together with the bouquet 
given it by the various esters present, entitle it to be ranked among 
the alcoholic preparations. 

Both spirits of ether are used occasionally in expectorant mixtures 
and are believed to increase the bronchial secretion. 

Ether evaporates very rapidly and leave.s a sensation of cold, and 
when thrown on the skin in a fine spray it produces sufiBcient Oold 
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to nuinb sensation in the part and allow of minor surgical operations. 
(See uses of cocaine.) Instead of ether still more volatile suostanoes* 
such as ethyl chloride (boiling point 12.5° C.) and methyl chloride 
(boiling point — 23° C.) have Ijeen introduced. The latter is supplied 
in pressure cylinders, and is allowed to racape against the skin, while 
the others are thrown against it by pumping air through them. The 
local ansBsthesia produced bears no relation to their action when 
inhaled, but is due simply to the cold produced by their ’ evapora- 
tion. The vessels of the part contract, and the absence of blood and 
hardness of the tissues facilitate some operations, but the subsequent 
reaction is liable to produce considerable soakage of blood from the 
wound. The cold elicited ought not to be great enough to actually 
freeze the tissues, otherwise the healing may be slow. The intense 
cold is often quite as painful as the operation itself would be without 
any anaesthetic. 

Bibliogbaphy op Ether and Chloroform. 

The literature up to 1880 is given in KappeWs ** Anaisthetica/* Stuttgart, 1880, 
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' Report of the Hyderabad Chloro/onti Oommkmmiy Bombay, 1891, ami Lancet, 1890. 
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Medieval Journal, 1890-91. 
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ijook and Rngys, Johns Hopkins Hospitiil Report, xi., p. 451. 

Blxmel, Beitrago z, klin. Ohir., xxxi., p. 271. 
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Moore and Roaf. Proc. Boy, Soc., Ixxiii., p. 382. 
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Selbach, Arch. f. exp. Path. u. Pharm., xxxiv., p. 1. 

Becker, Virchow’s Arch., cxl., p. 1. 

Spenzer, Arch. f. exp. Path. u. Pharm., xxxiii., p. 407. 

Rosenfeld, Ibid., xxxvii., p. 52. 

Breser, Beitrilge zur klin. Chirurg., x., p. 412, and xii., p. 353. Arch. f. expt 
Path: u. Pharm., xxxvii., p. 375. Bulletin of Johns Hopkins Hospital, vi., p. 7, 1896. 
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Pereles u. Sachs. Pflugei‘’s Arch., lii., p. 626. 

Kemvp. New York Med. Joura., 1899, ii., p.* 732. 

Thompson^ Btuxton, Levy. Brit. Med. Joum., 1900, ii., p. 833. 

Duplay et Hullion. Arch. gen. de M4d.. clxxxvi., p. 129. 

Da Costa. American Medicine, 1901, May 18th. Annals of Surgery, 1901, Sept. 
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Braun. Arch. f. klin. Chirurg., Ixiv., p. 201. 

Honigmann. Arch. f. klin. Chirurg., Iviii., p. 730i 

Kimka. Ibid., 1., p. 339. 

Pick. Arch. f. exp. Path. u. Pharm., xlii., p. 412. 
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Sackur. Virchow's Arch., cxxxiii., p. 30. (Pental.) 

ZoepJ^. Arch, f. exp. Path. u. Pharm., xlix., p. 89. (Ethyl chloride.) 

Scherhaischeff. Ibid., xlvii., p. 1. (Ethyl bromide.) 
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Hewitt. Ibid., Nov. 19, 1904. (Ethyl chloVide.) 
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chloride.) 

3. Nitrous Oxide. 

The oldest of the anaesthetics, nitrous oxide, NgO, does not belong 
to the methane series, but may be discussed at this point. 

Symptoms. — When a mixture of nitrous oxide and air is inhaled 
for a few seconds, a condition resembling alcoholic intoxication is 
produced, with much hilarity and laughter, so that the oxide is 
known popularly as ^^aughing gas.” Even at this point a certain 
amount of anaesthesia is obtained, and it was the observation that persons 
falling during this stage did not complain of pain that first suggested to 
Wells the anaesthetic properties of the gas. Davy had noted these 
forty years previously, but his suggestion that nitrous oxide might be 
used in surgical operations passed unnoticed. 

The inhalation of a mixture of nitrous oxide, 4 parts, and oxygen, 
1 part, causes after a few seconds a rushing, drumming, hammer- 
ing in the ears, indistinct sight, and a feeling of warmth and com- 
fort. The movements become exaggerated and uncertain, the gait is 
staggering, and the body sways from side to side. The patient seems 
brighter and more lively, and often bursts into laughter. Somewhat 
later a feeling of drowsiness may come on, but this is not constant ; 
the sensibility to pain is much less acute than normally, but no com- 
plete anesthesia is produced by this mixture of gases ; the sense of 
touch is comparatively little altered, and total unconsciousness never 
results. The pupil is generally slightly dilated, the face flushed, and 
the pulse somewhat accelerated. 

When pure nitrous oxide is inhaled without the admixture of oxy- 
gen, the patient passes almost instantaneously through the symptoms 
already described, but then loses consciousness completely ; the face is 
cyanotic, the respiration becomes stertorous and dyspnoeic and ceases 
after a weak convulsion, while the heart continues to beat for some 
time afterwards. If the mask through which the patient has been 
inhaling the gas be removed when the cyanosis becomes marked, very 
complete anesthesia lasts for 30-60 seconds, and the patient then 
recovers within a few minutes and suffers from no after-effects what- 
ever. No prolonged ansesthesia can be produced, however, as the res- 
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E imtion becomes endangered if the mask be kept on longer than the 
eginning of the eyanotic stage. 

Action. — Nitrous oxide supports combustion outside the body, for if 
a glowing splinter of wood be held in it, it bursts into flame exactly 
as if it were immersed in oxygen. It was accordingly believed at one 
time that nitrous oxide supported the combustion of the living tissues 
in the same way as oxygen, but this has been disproved, for as far as 
the metabolism of protoplasm is concerned, nitrous oxide behaves in the 
same way as any other indifferent gas, such as hydrogen or nitrogen ; 
that is, the tissues exposed to it suffer from asphyxia owing to the oxygon 
of the air being excluded. Thus, plants do not grow in an atmosphere 
of nitrous oxide and seeds do iiiot germinate. Animals die after in- 
haling nitrous oxide in almost the same time as after hydrogen or 
nitrogen, and at death the spectrum of the blood shows no oxyha 3 mo- 
globin to be present, the tissues having used up all the available 
oxygen. Nitrous oxide, therefore, does not support combustion in the 
animal body, the nitrogen is not split off from the oxygen as it is when 
the oxide is exposed to high temperatures outside the body. 

Another question is whether nitrous oxide behaves only as an in- 
different gas in the body, or whether it has not some special effect on 
the central nervous system, although in the rest of the tissues it acts 
only by excluding the oxygen. The earlier workers in this field held 
that it affected the centi’al nervous system only by cutting off its sup- 
ply of oxygen, but this has been shown to be erroneous, for nitrous 
oxide acts as a depressant to the central nervous system by virtue of its 
molecular form just as chloroform or ether does. This has been shown 
in a variety of ways ; thus, if it were a perfectly indifferent body no 
more effect would be produced by it when mixed with one fourth of its 
volume of oxygen than by air, which consists of 1 part of oxygen 
and 4 parts of an indifferent gas, nitrogen. But 80 per cent, nitrous 
oxide has definite effects on the behavior of animals, as has been men- 
tioned, and even 73 per cent, produces some slowing of the respira- 
tion. The narcotic action was demonstrated very clearly by Paul Bert 
in a series of experiments on man and animals. He noted that only 
imperfect anaesthesia was produced by 80 per cent, nitrous oxide, while 
the pure gas produced asphyxia. The problem was to introduce as 
much gas into the blood as would pass in under pure nitrous oxide, 
and at the same time to supply sufficient oxygen to prevent asphyxia. 
The. absorption of nitrous oxide depends upon its partial pressure in 
the lungs, as it is simply dissolved in the blood without forming any 
real combination with it, and the quantity absorbed by the blood may 
be augmented by increasing the barometric pressure. Bert, therefore, 
administered a mixture of 80 parts nitrous oxide and 20 parts oxygen 
to animals in a glass case in which the pressure was raised one fourth 
above thq ordinary atmospheric pressure. The absorption of the 
nitrous oxide was the same as if the animal had breathed the pure gas 
at the ordinary air pressure, and at the same time as much oxygen was 
absorbed as in ordinary air. The result was a complete anaesthesia 
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without aspliyxia, which could be maintained for 3 days without in- 
jury to the animal (Martin). Kemp has recently shown that mix- 
tures of oxygen and nitrous oxide can be inhaled for some time and 
produce ansesthesia, which passes off at once when nitrogen is substi- 
tuted for nitrous oxide. He has further investigated the blood gases 
during nitrous oxide ansesthesia, and finds that the oxygen contained 
in the blood at the deepest stage of anaesthesia is quite sufficient to 
maintain life and consciousness were no nitrous oxide present. Again 
Goltstein found that frogs were narcotized in minutes in an atmos- 
phere of nitrous oxide, in 1 J hours in hydrogen, and showed that the 
narcosis and death in mammals from nitrous oxide differed in several 
details from that under indifferent gases. There can, therefore, be no 
doubt that nitrous oxide has distinct effects on the central nervous 
system, although it is indifferent to the other tissues. A further ques- 
tion arises, whether the ansesthesia produced by it in ordinary use is 
due to this specific action on the nerve cells alone or to the asphyxia. 
Wood has shown that even a slight admixture of oxygen (3 per cent.) 
delays anaesthesia considerably, so that the lack of oxygen appears to 
aid the direct effects of the anaesthetic. Bert’s and Martin’s experi- 
ments would indicate that death occurs not from the direct action of the 
nitrous oxide on the respiratory centre, but from the lack of oxygen, al- 
though the depression of the centre is undoubtedly a contributing factor. 

The same question arises regarding the action on the nerve cells as 
has been met with in the members of the methane series, and here 
again the preliminary excitement would seem to indicate not stimu- 
lation of the brain areas, but lessened activity of the functions of 
control and restraint. 

The respiratory centre is depressed when the gas is inhaled in com- 
paratively dilute form, for Zuntz and Goltstein found the breathing 
slower and deeper after 73 per cent. The respiration ceases some- 
what earlier under nitrous oxide than under indifferent gases, which 
would indicate that the cessation of the breathing is due at any rate 
in part to the specific depressant action. In asphyxia from nitrous 
oxide there is less convulsive movement than under hydrogen, owing 
to the general depression of the nerve cells. 

The circulation is little affected by the nitrous oxide directly, the rise 
in the blood-pressure and slowness of the pulse being due to the 
asphyxial condition of the blood ; the pulse is not so slow as in ordinary 
asphyxia or in asphyxia from nitrogen or hydrogen, because the in- 
hibitory centre is less capable of activity. The heart is not affected 
directly, but only by the lack of oxygen. 

Nitrous oxide is dissolved in the blood exactly as in water. There 
is no combination formed with any of the constituents, nor is the 
luemoglobin altered in any respect. 

Nitrous oxide is a gas at ordinary temperature and pressure, and is 
invariably administered by inhalation from a cylinder into Avhich it 
has been forced under high pressure. The mask generally covers both 
nose and mouth, and the inhalation is carried on until distinct cyano- 
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sis appears, when the anaesthesia is sufficient to allow of short oper- 
ations, such as those of dentistry. It is much the safest o/ the anros- 
thetics, for millions of persons have been subjected to its influence, 
and as yet only ten cases of death are reported from its use, and sev- 
eral of these do not seem to have been due to the direct action of the 
gas. Unfortunately, the anaesthesia cannot be kept up except for a 
very short time, which is quite insufficient to allow of ordinary oper- 
ative procedures. A number of attempts have been made to prolong 
the anaesthesia, of which Bert’s was much the most successful. The 
operator, patient and attendants were enclosed in an air-tight chamber, 
the air pressure was raised by means of force pumps, and Bert’s mixture 
of oxygen and nitrous oxide was inhaled by the patient. A whole series 
of major operations were performed in this way, the anaesthesia being 
complete as long as was desired, and the patient recovering a few 
minutes after the mask was removed. The only objections to the 
method were the great expense of the chamber and of pumping the 
air, and the inconvenience attending the whole procedure. Bert, there- 
fore, proposed later to induce anaesthesia by pure nitrous oxide, an<l 
then to substitute for it a mixture of oxygen and nitrous oxide, and to 
keep up the anaesthesia as long as desired by alternating between the 
pure gas and the mixture. A practical method of carrying out this 
form of anaesthesia has been devised by Hewitt, whose results have 
led to a wider trial of diluted nitrous oxide anaesthesia than it has 
hitherto had. His apparatus consists essentially of two reservoirs, the 
one containing oxygen, the other nitrous oxide, and of a mixing cham- 
ber with a stopcock by which the proportion of oxygen is regulated. 
A tube leads from the mixing chamber to the mask which must fit 
closely to the face. The inhalation is commenced with pure nitrous 
oxide or with a mixture containing only 2 per cent, of oxygen. When 
anaesthesia is attained the percentage of oxygen is increased to 5-8 per 
cent, by turning the stopcock, and the symptoms determine the further 
changes, returning consciousness necessitating a diminution in the 
oxygen, stertor and cyanosis an increase. This form of anaesthesia is 
admirably adapted for minor operations and has been maintained in 
some cases for as long as an hour. The circulation and respiration 
are less serieusly altered than by any other mctliod that induces 
general anaesthesia, and the return of consciousness is almost immediate. 
The great drawback to its use is the cumbrous apparatus required and 
the large amount of gas used, amounting to about 100 gallons for 
anaesthesia of half an hour. Complete muscular relaxation is seldom 
attained and this precludes its use in many operations, in which how- 
ever it may be employed at first and then be replaced by chloroform 
or ether, whose preliminary disagreeable effects arc thus avoided. 
Klikowitsch proposed the use of 80 per cent, nitrous oxide, not for 
complete anaesthesia, but to relieve pain and spasm in cases of asthma, 
in labor an3 similar conditions. The patient could inhale it if neces- 
sary without the presence of a medical attendant, and it had the ad- 
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and finally paralyzed before the failure of the respiration.^ The 
depression of the reflexes is one of the points which serve to differenti- 
ate the action of most of the methane series from that of the alkaloidal 
narcotics, such as morphine. The last part of the central nervous sys- 
tem to be attacked is the medulla oblongata, for although the respira- 
tion is somewhat slower and shallower after small quantities, it is 
scarcely more affected than in ordinary sleep, and Loewy found that 
both the excitability of the centre and the volume of the inspired air. 
were very similar in the two conditions. As the dose is increased, 
however, the respiration becomes very slow and weak, and finally 
ceases from paralysis of the centre. 

The heart is somewhat slower after chloral in moderate doses, but 
scarcely more so than in natural sleep. There is often some flushing 
of the face and head from some obscure central action, but the blood- 
pressure is little affected except by large quantities, which reduce it 
considerably and at the same time cause marked slovmess of the pnlse.^ 
The depression of the blood- pressure is caused in part by paresis of the 
vaso-motor centre, in part by the effects on tlie cardiac muscle, and 
possibly ill part by a direct action on the muscular walls of the vessels. 
It is much more evident in poisoning with chloral than with the other 
soporifics, this group presenting the same differences in this respect as 
the general anaesthetics. In both cases it is to be noted that the mole- 
cule containing chlorine has the more powerful action on the circula- 
tion. In chloral poisoning, as in chloroform, the effect on the heart is 
so great as to give rise to anxiety quite apart from the condition of the 
respiration, and in fact some cases of poisoning are said to have termi- 
nated with failure of the pulse before the respiration, though this is 
unlikely. The extreme weakness of the heart may, however, aid the 
direct action of the drug in its effects on the respiratory centre. The 
alterations in the heart are similar to those produced by chloroform, 
the auricular contractions becoming weak earlier than the ventricular, 
and some dilatation occurring in both chambers. 

Locally, chloral has an irritant action when applied in concentrated 
solution and this leads occasionally to nausea and vomiting when it is 
prescribed with insufficient fluid. This irritant action induces redness 
and even vesication when chloral is apjflied to the skin ; it is said to 
corrode when applied to unprotected surfaces, and certainly possesses 
antiseptic properties like chloroform. It is rapidly absorbed from the 
stomach and carried to the central nervous system where it is taken up 
by the cells until they contain more than the blood corpuscles or the 
cells of other organs such as the liver. Licbreich introduced chloral as 
a hypnotic in the belief that it was decomposed in the blood and chlor- 
oform liberated, but this has been shown to be erroneous, no chloroform 
bemg found in the blood or expired air after chloral. Chloral has no 

* The statement is made that the reflex irritability is at first increased in the frog, 
but this may be attributed rather to &he remote effects of the local irritation than to the 
direct action on the cord, 

*Some investigators have stated that small quantities of chloral increase the arterial 
tension at first, but this must be very transient, if present at all. 
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action on muscle or nerve in the living animal, but when it is applitnl 
to the exposed nerve it first irritates and later paralyzes it, and injected 
directly into the artery of a muscle it causes immediate rigor. The 
temperature falls after the administration of chloral from the lessened 
muscular movement, and perhaps from the increased output o^heat 
through the dilated skin vessels. 

The efiFects of chloral on the tissue-change have been recently inves- 
tigated and found to correspond very closely to those of chloroform. 
Thus fatty degenemtion of various organs has been produced by the pro- 
longed administration of chloral and of chloralamide, and the increase 
in the nitrogen, phosphates and sulphur, especially of the imoxidized 
sulphur, in the urine points to augmented destruction of the proteids 
of the body, together with imperfect oxidation. The acidity of the 
urine is much increased by the presence of urochloralic acid. The 
excessive production of tliis acid in the tissues has been said to be the 
cause of tlic alterations in the metabolism, and as a matter of fact 
Klcino has f:)und that the addition of alkaline carbonates to the food 
prevents these eftects of chloral. Cliloral was formerly supposed to 
lead to glycosuria, but tliis has been shown to be erroneous, (lie redu- 
cing substance in the urine being urochloralic acid, and not suga”. In 
addition to this effect on the tissues generally, less oxygen is absorbed 
and less carbonic acid (‘xcreted owing to the diminished muscular 
movement. 

Chloral is reduced in the tissues to trichlorcthyl alcohol (CCI^CHg- 
OH), which combines with glycuronic acid to form urochloralic a(ud, and 
is excreted in this form in the urine. Some escapes by the kidneys 
unchanged, however, and some is thrown into the stomach, and this 
may account for the nausea and discomfort felt after awaking in some 
cases. 

The other hypnotics of this series, with the exception of chloralose, 
correspond exactly with chloml as far as their action on the central 
nervous system is concerned. The chief difference in their effects is 
seen in the circulation and metabolism, which are comparatively little 
affected by those which do not possess substituted chlorine atoms. 

Paraldehyde and Sulphonal do not affect the heart directly, although 
they may cause a slight acceleration of the pulse through their depres- 
sant action on the inhibitory centre. They lessen the metabolism through 
their action on the central nervous system, but produce no such marked 
alteration in the proteid decomposition as follows the administration of 
chloral. Paraldehyde resembles alcohol in its effects, though it is a 
much more powerful narcotic and rarely induces any symptoms of ex- 
citement. Very large quantities of sulphonal and paraldehyde have 
been taken without fatal results, and in fact without any more serious 
consequences than prolonged unconsciousness, so that they are much 
safer narcotics than chloral. Paraldehyde, however, has a most un- 
pleasant oclor and a hot, burning taste, which renders its administra- 
tion somewhat difficult. In addition it is excreted in part by the 
lungs, though mainly in the urine, and the odor remains in the breath 
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for some time after the patient awakens. The insolubility 6f sulphonal 
ill water renders its absorption very slow and imperfect, and sleep is 
therefore late in following its administration, while, on the other hand, 
depression, drowsiness, and lack of energy are often complained of the 
day after. There is some evidence that sulphonal exercises a dele- 
terious effect on the liver, for the relation of urea to the total nitrogen 
of the urine is changed and the metabolism of the purine bodies is 
also affected. 

The use of sulphonal, especially when prolonged, has led in some 
cases to a series of symptoms, the most characteristic of which is the 
appearance in the urine of a reddish-brown pigment, ha3matoporphyrin, 
an iron-free product of the decomposition of haemoglobin. This occurs 
most frequently in anaemic women, and is accompanied by constipation, 
pain in the stomach region and vomiting, weakness and ataxia, confusion 
and partial paralysis, and eventually by suppression of the urine or by 
collapse and death.^ Haematoporphyrin occurs in traces in the urine of 
the rabbit normally and in much larger quantities after the animal has 
been treated with sulphonal (Neiibauer). Its appearance in the human 
urine appears due to some obscure change in the blood, and not to de- 
rangement of the renal functions, although in one case the kidneys were 
found to be diseased, and in animals the prolonged administration of 
sulphonal often causes albumin and casts in the urine, while hemorrhages 
in the kidneys have been produced in them by the administration of only 
a few doses. The amount of haematoporphyrin in the urine is some- 
times very large ; in one case Tyson and Croftan found that the quantity 
passed in one day indicated the destruction of one seventeenth of the 
^ total haemoglobin of the body. Very large doses of sulphonal are said 
to produce convulsive movements in animals, while ordinary ones cause 
sleep and subsequent drowsiness. Sulphonal is decomposed in the body 
and is excreted largely as ethylsulphonic acid in the urine, in which 
traces of the unchanged substance have also been found. The decom- 
position is a slow process, however, for Kast found sulphonal in the 
blood many hours after its administration. The ethylsulphonic acid 
seems to have no action whatever in itself, so that the narcosis is due 
to the unchanged molecule of sulphonal. 

Sulphonal seems to have some deleterious action on the heart when 
used for long periods, and is a much less certain hypnotic in cases of 
cardiac disease than in other conditions. 

ButylcMorali or Grotonchloral, was said by Liebreich to possess a specific 
analgesic or anaesthetic action on the nerves of the lace and head, but this 
has fcen shown to be incorrect by v. Mering, and, as its effects are identical 
with those of chloral in almost all respects, crotonchloral seems entirely 
superfluous. 

Chloraiamide, or chloralformamide, has been introduced in the hope that 
the stimulant action of the formamide, which is formed by its decomposition, 
would counteract the depression of the circulation caused by chloral alone. 
From blood-pressure experiments it would seem that chloraiamide fulfils 

f Occasionally the /hicrnatbporpliyrin appears several days after a single dose of sul- 
phonaJ or its alueb, sometimes after an interval of one or two weeks. 



those expectations, and has little or no action on the circulation except in 
poisonous doses. It is said to be less irritant than chloral in the stomach, 
but to be somewhat slower and less certain in its effects. Chloral is formed 
by its decomposition in the body, and is excreted as urochloralic acid, and 
fatty degeneration has been observed after its prolonged administration. 
On the whole it would seem to possess the cerebml action of chloral, with- 
out producing its effects oh the circulation. 

Amylene Hydrate, or dimethylethylcarbinol, has been advised as a 
hypnotic, and is more closely allied to paraldehyde in its effects than 
to any of the others. It is twice or thrice as powerful a hypnotic as paral- 
dehyde, however, while it is only one half as strong as chloral. It is said to 
depress the heart more than paraldehyde, but less than chloral, and to pro- 
duce excitement and convulsions in the carnivora, but not in the herbivora. 
Even iijL man, it causes excitement more frequently than most other sopori- 
fics, and Harnack and Meyer state that it first stimulates and then depresses 
the respiratory centre as well as other parts of the central nervous system, 
and that it induces a very marked fall in the tempeiatiire. The cardiac and 
voluntary muscle is first increased in efficiency and then depressed. It has 
little or no effect on the general metabolism, and is excreted in the urine in 
combination with glycuronic acid in the rabbit, but seems to undei;go com- 
. plete combustion in the tissues of the dog and in ii^an. It is less certain in 
its action than chloral but. has not received so wide a trial as it would seem 
to merit. A combination of chloral and amylene hydrate has been intro- 
duced under the name of Dormiol, but 01101*8 no advantages over chloral. 

Trional and Tetronal are very similar to sulphonai iu their chemical 
structure, and have practically identical results with it in therapeutics, 
although their action on animals is somewhat more powerful. In some cases 
of treatment with trional hmmatoporphyrin has been found in the urine. 

Urethane would possess all the advantages of the others with none of 
their disadvantages were not its effhet on man much weaker and less con- 
stant. In many cases it is an almost perfect hypnotic, easily taken in solu- 
tion, producing light sleep with no after-effects, but in otlicrs it seems to 
have little or no hypnotic effect. It is oxidized in the body to urea. 
Hedonal appears to have a greater hypnotic effect than urethane, but also 
fails to induce sleep in a considerable proportion of cases. It is followed by 
no after-effects and is oxidized in the body in the same way as urethane. 

Ghloralose acts much more like morphine than like chloral, depressing 
the psychical functions, while increasing the refiexes until convulsions re- 
sembling those of strychnine may be produced. The heart is comparatively 
little aflbeted, and the respiration remains strong unless very large doses are 
given. In man it induces sleep, which is sometimes attended by distinctly 
exaggerated reflexes however, especially when large doses are given. Some 
of the other compounds of chloral with the sugar series seem to promise 
more satisfactory results. 

Bromoform has anaesthetic properties like chloroform, but is not volatile 
enough for inhalation. Of late years it has been used internally in whooping- 
cough, and in this relation it is important to remember that it gives rise to fatty 
degeneration when taken continuously. A number of cases of alarming poison- 
ing in children have been recorded from its use. It has also been used occa- 
sionally in insomnia. 

Bromal (CBrjCOH) differs in several respects from chloral in its action. 
In animals its injection is followed by restlessness and excitement, and then 
by stupor, which is often accompanied by dyspnoea, and ends in failure of 
the respiration, or in convulsions. The pupil is much contracted, and pro- 
fuse salivation is observed. It acts on the heart like chloral but is much 
. more poisonous, and is scarcely used in therapeutics. 

Ohloretone resembles chloral in most respects, but is less liable to irritate 
the^stomach and does not appear to depress the circulation to the same ex- 
tient. Very large doses have been swallowed without producing any untoward 
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symptoms, but the hypnotic effect is obtained by the use of smaller doses 
than are necessary in the case of chloral. Like chloral, chloretone has some 
virtues as an antiseptic, and in addition it paralyzes the terminations of the 
sensory nerves when it is applied locally and has proved of value as a local 
anaesthetic. 

Veronal appears to be practically devoid of action except on the central 
nervous system, inducing natural sleep in small doses without any subsequent 
depression. Larger quantities cause prolonged sleep and the patient suffers from 
drowsiness and fatigue next day. It acts in smaller quantities than any of the 
older hypnotics. 

Neuronal and Isopral have been introduced so recently that little opportu- 
nity has been affordc(f for their study. Animal experiments indicate their pos- 
sessing a stronger hypnotic action than chloral, and satisfactory results are 
rejjorted in the cases in which they have been used in therapeutics. The pres- 
ence of chlorine in the molecule of isopral suggests that it may have some dele- 
terious action on the circulation and metabolism, and the presence of bromine 
in ncuronaJ is also to be regarded as a drawback. Isopral resembles chloretone 
in possessing some local anesthetic power. 

Tolerance is soon acquired for each of these drugs, and when it is 
developed for one, large doses of any of the others are required in 
order to produce sleep. Tolerance for alcohol also involves the use of 
larger quantities of the hypnotics, and in fact often leads to the com- 
plete failure of any except the most powerful. 

Not infrequently the hypnotics lead to skin eruptions, especially 
when used for some time. These assume various forms, the most com- 
mon being of the erythema order, but among others urticaria, purpura, 
papular eruptions and blisters occur. 

Habit. — Prolonged abuse of chloral leads to a condition somewhat 
resembling that seen in chronic alcoholism or morphinism, and marked 
by general depression and cachexia, with impairment of the mental 
powers, digestive disturbance and exanthemata. The sudden with- 
drawal of the drug in these cases has sometimes led to symptoms re- 
sembling those of delirium tremens, which are especially dangerous 
here owing to the fatty degeneration of the heart which may be present. 

A few cases of sulphonal habit have also been reported. 


Preparations. 

Chloralum Hydratum (U. S. P.), Chloral Hydras (B. P.) (CCl,- 
CH(0H)2 or (CCI3COH + HjO), a crystalline solid, of a characteristic fruity odor, 
and hot, acrid taste, readily soluble in water, alcohol, ether and oils, is almost 
invariably prescribed in dilute solution in syrup. Its deliquescent properties 
preclude its use in most of the solid preparations, and its irritant effects con- 
traindicate hypodermic injection. Dose, 0.5-2 G. (10-30 grs.), which may 
be repeated if necessary, in one or two hours. 

Syrupus Chloral (B. P.), J-2 fl. drs. (one drachm contains 10 grains of 
chloral). 

Paraldekydum (U. S. P., B. P.) (Cgllj^Og), a colorless fluid of strong, 
characteristic odor and burning taste. It may be prescribed in brandy and 
water, or in water up to lOj^^, pr in capsules. Dose, 1-4 c.c. (>5-60 m.). 

Sulphonal (B. P.), Sulphonmethanum (U. S. P.) ((CH 3 ),C(S 03 C Hg)^), a 
crystalline powder, witJiout taste or odor. It may be prescribed in powder form 
to be taken one to two hours before retiring, but is soluble in hot water or milk, 
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and when given in solution acts more rapidly and leaves no confusion after- 
ward. It is prescribed in doses of 1-2 G. (1 5-30 grs.'). 

SiUphonethylmethanum (tJ. S. P.) trional (GHj-CglL'C ‘(80202115)2) resembles 
sulphonal, but is more soluble and has a bitter taste. Dose, 1-2 G. (15-30 grs.). 

Butylchloral Hydros^ (B. P.), or Croton chloral (CH3CHC10Cl2CH(OH)2), 
resembles chloral and is prescribed in the same w’ay^ but generally in smaller 
doses— 0.3— 1 G. (5 — 15 grs.). 

^thylis Carbamas (U. S. P.), urethane (CO*OC2H5‘NH2), colorless crystals, 
odorless, with a cool, saline taste, very soluble in water, alcohol, and ether. 
Dose, 1-5 G. (15-75 grs,). ^ 

Bro^mformitm (U. 8. P. ) (CHBrj), a heavy, transparent, colorless liquid with 
an ethereal odor and a taste like that of chloroform, very little soluble in water, 
but readily soluble in alcohol. Dose, 0.2 c.c. (3 mins.). 

Chhralformamidum (U. 8. P.), or chloralamido (CClsCHOHNH ‘COH), a 
white crystalline powder with a faintly bitter taste ; prescribed in powder or in 
solution in water or spirit. Dose, 1-2 G. (15-30 gre.). 

XTonofficial. 

* Tetronal resembles sulphonal closely, and may be prescribed in the same dose 
and form. • 

Amyhni Hydras ((CH3)2COHCH2CIl3), a colorless liquid of pungent taste, and 
of an odor somewhat resembling camphor. It may bo prescribed in caj)siiles, or 
' up to 10^ in water flavored with liquorice extract. Dose, 3-5 c.c. (40-80 mins.). 

Hedonalj a crystalline powder with a taste resembling that of menthol, very 
slightly soluble in water. Dose, 2 G. (30 grs.) in powder or tablets. 

Chloretone (GCl3C(0Il3)2OH), colorless crystals with u strong camph(;faccous 
odor, slightly soluble in water, very soluble in alcohol ; it may be prescribed 
in aqueous solution (about 1 per cent.) or, better, in tiblets. Dose, 0.3-1 G. 
(5-16 grs.). 

Veronal (C2l:l5)aC(CONH)2CO, colorless crystals with a faint bitter taste, sr)Iu- 
ble in 145 parts of water ; prescribed in powders or tablets, to be dissolved in 
warm water or milk. Dose, 0.3-1 G. (5-15 grs.). 

Neuronal (G2Hg)2BrC‘GONH2, crystals with a bitter taste resembling that of 
menthol, soluble in 115 parts of water ; jirescribed in the same way as veronal 
in doses of 0.5-2. 0 G. (5-30 gra.). 

Isopral (C2H3CI3CHOH), white crystals with a camphoraceous odor and aro- 
matic biting taste, soluble in 30 parts of water ; prescribed in doses of 0.5-0. 75 G. 
(5-8 grs.). 

Therapeutic Uses. — These drugs are chiefly used to produce rest and 
sleep in cases of insomnia and in almost every form of nervous ex- 
citement. Until the discovery of the therapeutic value of chloral, 
opium was used in most of these cases, and when sleeplessness is due 
to pain it is still preferable to the more modern remedies, which have 
comparatively slight influence on acute pain, except in very large doses. 
But in delirium, mania and convulsions of various kinds, their action 
on the nerve centres is preferable to that of opium, especially where 
these convulsions are of spinal origin or of a reflex nature ; thus, in 
strychnine poisoning and in tetanus, chloral is of great value, although 
in the former it may have to be reinforced by chloroform during the 
convulsions. In delirium from fever or from ur{emic intoxication and 
similar causes, comparatively small doses often produce most satisfac- 
tory results, and in various spasmodic affection.s, such as cough, asthma, 
and choreic movements, it is exceedingly useful. Chloral has also been 
advised to lessen the pains of labor. 

Most of the soporifics have been used more or Ie.ss extensively as 
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hypnotics in simple insomnia and in insanity, but when the disturb- 
ance assumes a more violent character there is a disposition to return 
to the use of chloral, as at once the speediest and surest remedy of the 
whole group. When tliere is any reason to suspect fatty degeneration 
of the heart, however, some hypnotic which does not contain chlorine 
ought to be substituted for it, and paraldehyde, sulphonal, hedonal 
and veronal have been introduced in succession to supply the need. 
Chloral is often prescribed along with opium, and, when thus com- 
bined, smaller quantities of each drug are required than would be 
necessary if either were prescribed alone, and the sleep following is 
very deep and restful. It is also used very often to reinforce the 
action of the bromides. 

Other Narcotics which for some purposes may be substituted for the. 
members of the chloral group are alcohol, opium and its alkaloids, 
bromides, hyoscinc and c>annabis iudica. 

Chloral has been used externally as a counter-irritant and antiseptic, 
but is more expensive than many other equally efficacious remedies. 
Chloretone solution is an efficient local anaesthetic on wounded sur- 
faces, and has been recommended in cases of gastric irritation and 
vomiting, which it relieves by paralyzing the terminations of the sen- 
sory nerves in the mucous membrane of the stomach. 

In cases of acute Poisoning with chloral the treatment consists in 
the immediate evacuation of the stomach by the stomach tube. Emet- 
ics are of less value owing to the depression of the medullary centres. 
The patient ought to be kept warm and caffeine or strychnine may be 
given as a respiratory stimulant, while the complete failure of the 
breathing has to be met by artificial respiration. In acute poisoning 
with the other members of the series the same general treatment is to 
be applied, but the prognosis is much more favorable than after chloral ; 
in one case in which 100 G. of sulphonal were swallowed, the recov- 
ery was attributed by the attendant physician to copious enemata of 
water. In chronic poisoning with sulphonal, the withdrawal of the 
drug is generally all that is required. In the chloral habit, the with- 
drawal has to be gradual and it may be necessary to send the patient 
to a retreat. 
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II. STRYCHNINE— NUX VOMICA. 

Strychnine is the chief alkaloid occurring in several species of 
Strychnos, of which the best known are Strychnos nux-vornica and 
Strychnos Ignatla. It is found chiefly in the seeds, and is generally 
accompanied by the nearly related alkaloid Brucine, 

A large number of alkaloids have been found to resemble strychnine in 
their action, .such as the Thebaine found in opium, the Gelmmine of (lelsemium 
semi)ervirens, and the Calabarine of the Calabar beau, while it is diificult to 
decide whether several others ought to be classed with morphine or with 
strychnine. 

Strychnine seems to be a quinoline derivative, although its exact consti- 
tution is unknown. Its formula is while that of brucine is 

C 23 H.,pN 20 ^. 'J"hcy are both derivatives of a substance of the formula 
brucine diflering from strychnine in having two methoxyl 
groups. It seems not unlikely that they are both nearly related to cura- 
rine, the alkaloid of curara, which is derived from some other species of the 
genus Strychnos. 

The alkaloids of the .strychnine group have a powerful stimulant 
action on the central nervous system, e.sj)ecially on the spinal cord, 
throughout the vertebrate kingdom. 

Symptoms. — In ordinary therapeutic doses strychnine, like other 
bitter sub.stances (page 55), improves the appetite and often leads to a 
distinct amelioration of the subjective symptoms, the patient feeling 
stronger and more hopeful. The pulse is generally slower and the 
artery feels less compressible. The special sen.ses are rendered more 
acute by small quantities of strychnine, for differences can be recog- 
nized between shades of color which seem identical to the normal 
vision ; the field of vision is widened, and in certain conditions of 
amblyopia light is rendered much more distinct. In the same way 
the hearing seems to be more acute, and the sense of touch is much 
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more delicate. Some cases have been noted in which disagreeable odors 
were rendered pleasant by strychnine, but this would seem to be a rare 
idiosyncrasy. In cases of poisoning with strychnine, the first symp- 
tom is often a more acute perception of external objects by the senses, 
especially by the sense of touch, but this is not generally observed by 
the patient, whose first complaint is of a feeling of stifihess in the mus- 
cles of the neck and face. This is soon followed by an increased 
reflex reaction, so that a slight touch causes a violent movement, and 
even a sound or a current of air is sufficient to cause a sudden start. 
The increased reflex irritability is generally accompanied by some rest- 
lessness, and animals sometimes seem to make attempts to escape from 
bright light. Some tremor or involuntary twitches may be observed in 
the limbs, and then a sudden convulsion occurs in which all the muscles 
of the body are involved, but in which the stronger extensor muscles 
generally prevaiL In animals, the head is drawn back, the hind limbs 
extended, and the trunk forms an arch with its concavity backwards 
(opisthotonos) (Fig. 13). In man, the same convulsions are seen and 



A rabbit during a strychnluc cunviilsiou. 


are accompanied by strong contraction of the face muscles, producing 
a hideous grin which has been called the risus sardonicus. The res- 
piratory muscles are involved in the general paroxysm and the blood 
rapidly becomes deoxygenated, as is shown by the blue cyanotic color 



A rabbit when tho strychuine spasm is passing olf. The head is supported to prevent it falling on 

the table. 

of the lips and face in man. The muscles feel hard and. firm at the 
commencement of the convulsion, but very soon a tremor may be made 
out, which becomes more distinct, and after a few intermittent contrac- 
tions the animal sinks back i n a condition of prostration (Fig. 14). The 
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respiration generally returns, and becomes fairly regular for a short 
time. Immediately after a convulsion the reflex irritability may be 
low, but it soon regains its former exaggerated condition and a second 
convulsion occurs, exactly resembling the first. Mammals, as a gen- 
eral rule, succumb after two or three convulsions, the respiration 
failing to return after the spasm. In some cases, however, the con- 
vulsions become shorter and the intervals of quiescence longer, the 
respiration becomes weak, the reflex irritability gradually lessens 
and the animal dies from asphyxia. In frogs, where the breathing 
can be dispensed with for long periods, the alternation of convul- 
sions and periods of quiescence may continue for hours or days, but 
these are of the same general character as those described in mammals. 
After very large quantities no convulsions may occur, the animal dying 
almost immediately of asphyxia from paralysis of the central nervous 
system. 

Action. — The whole character of the intoxication points to an affection 
of the Central Nervous System, and it has been found that the symptoms 
are unaltered when the. drug is prevented from reaching the peripheral 
nerves and muscles. The chief symptoms arise from the spinal cord, 
for the convulsions are at least as well marked in frogs and mam- 
mals in which the brain has been destroyed or severed below the 
medulla oblongata. At the same time the brain is also believed to be 
affected, though to a less degree. The intellect in man remains un- 
clouded until the end, except for the asphyxia produced by the stop- 
page of the respiration; the patient is perfectly conscious of his 
condition, and suffers excruciating pain from the violent contractions of 
the muscles. It is said that the increased reflex may be inhibited to a 
certain extent by the will, but during the convulsions no strength of 
will can cope with the irritability of the spinal cord. 

The special senses are rendered more acute by small doses of strych- 
nine, and this is apparently due to its effects on the central ner- 
vous system in the case of touch, taste and smell, but there is reason 
to believe that the increase in the field of vision and the increased 
sensitiveness to slight differences in light are to be attributed to its 
acting on the cells of the retina and not to cerebral changes. For 
when strychnine salts arc injected in the temple or applied to the con- 
junctiva, the sight of the corresponding eye is improved while the 
other remains unaffected (Filchne); if the strychnine acted centrally it 
could do so only by being carried to the brain by the blood, but this 
would affect each hemisphere equally. The affection of one eye only 
is explained by the strychnine diffusing through the lymph spaces, and 
this is said to have occurred in the case of various dyes which were 
applied in the same way and were then found in the retina. 

As regards the effects of strychnine on the motor areas of the brain 
some di&rence of opinion exists, although the majority of those who 
have investigated the subject hold that the irritability of the motor 
parts of the cortex is distinctly increased except during a con- 
vulsion# 
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The convulsions are^ as has been stated^ of spinal origin. It has 
been shown in addition that they are reflex, that provided no stimulus 
reaches the cord from without, no convulsion occurs. As has been 
already remarked, the convulsions are preceded by a stage of increased 
reflex, and in fact the first convulsion is often seen to follow a stimulus, 
such as a blow or a loud noise. Afterwards they may seem to occur 
without any such impulse, but this is merely because a very slight or 
even imperceptible stimulus is enough to induce them. For ex- 
ample, a slight contraction of a muscle may induce a convulsion, 
as is seen very frequently in the frog, where a very slight stimulus, 
in itself apparently too weak to cause a convulsion, is followed by 
an ordinary reflex contraction, and this leads to a spasm. The 
absence of convulsions when external stimuli are cut off may, how- 
ever, be demonstrated conclusively in various ways. Thus Pouls- 
son found that a frog dipped in cocaine solution underwent no con- 
vulsions after strychnine, the cocaine used being sufficient to paralyze 
the sensory terminations, but not to have any direct effect on the cord. 
Claude Bernard showed this even more conclusively by dividing all 
the posterior roots of the spinal nerves in the frog and then injecting 
strychnine, when no convulsions occurred except when the ends of the 
cut roots were stimulated. The convulsions therefore follow only on 
the passage of an impulse from without to the spinal cord, and are 
merely a further development of the preceding stage of exaggerated 
reflex irritability. The characteristic feature of strychnine poisoning 
is thus the response to external stimuli. In the unpoisoned animal 
the reflex movement following a stimulus is always of the same kind ; 
for example, if the leg of a decapitated frog be dipped in acid it makes 
certain movements to withdraw the limb, and no matter how often the 
irritation be repeated, the same movements are produced, though it is 
true that if stronger acid be used the movement is more violent and a 
greater number of muscles are involved. In this movement certain 
muscles contract while their antagonists are inhibited, for example 
in drawing the toe away from an irritant the anterior muscles of the leg 
contract, while the gastrocnemius is relaxed. The same irritation which 
produced in the unpoisoned animal a simple withdrawal of the limb 
causes after strychnine stronger and more extensive contractions, and 
the movement is not confined to the two hind legs but spreads over the 
whole body. All the muscles contract together, there being no in- 
hibition of antagonists and the resultant movement has thus quite a dif- 
ferent character; the gastrocnemius being stronger than the anterior leg 
muscles, the foot is extended and thrust against the irritant instead of 
being withdrawn from it. When an external stimulus is sufficient to 
cause a convulsive movement in a poisoned animal, the contraction is 
always maximal ; a stronger stimulus produces no greater effect. It must 
be remarked that the reflex response to different forms of stimuli is not 
equally altered by strychnine. The irritation of the frog^s foot by very 
slowly acting substances, such as dilute acids, may be followed by an ordi- 
nary reflex movement, while a sudden shock causes a violent convulsion, 
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Many attempts have been made to define the exact seat of the strych- 
nine action in the spinal cord and although the question is not abso- 
lutely determined, there are strong grounds for the belief that the cells 
of the anterior horn are not necessarily involved in the stiychnine 
action. (Fig. 15.) For when strych- ^ 
nine is applied in solution to the cord of 
the frog at the level of the cells connected 
with the nerves to the fore limbs, irrita- 
tion of the foot produces an ordinary re- 
sponse in the hind limbs, while the anter- 
ior part of the body remains motionless ; 
that is, strychnine has not penetrated to 
the cells connected with the hind limbs. 

Irritation of the fore limbs, on the other 
hand, produces tetanus not only of these, 
but also of the hind limbs, although the 
motor cells of the hind limbs have been 
shown to be outside the poisoned area. 

Tetanus can, therefore^ be produced in 
parts whose motor cells are unpoisoned, 
yet the increased strength of the con- 
traction would seem to point to an affec- 
tion of these cells. The explanation 
may be that the impulse reaching the 
motor cell is stronger, and that the 
latter simply transmits this more power- 
ful impulse as it would a weaker one. 

A theory that covers the phenomena 
hitherto recognized is that the impulse 
traveling up a nerve in an unpoisoned 
frog may pass through a large number 
of paths in the cord, but meets with 
resistance in all save one. It therefore 
passes along the path of least resistance, 
and produces a definite result by acting 
on a fixed series of nerve cells. After uiagram of thcHpju^^ 

, . 1 . I exposed to 

strychnine the same impulse reaching the Rtrychui . n-c, the unaftceted zone. 

.1 11 1 An i III p«i sc reaching tlio cord through the 

cord finds all the paths equally easy, and, sensory iiihrc a’ passes to tho motor cciis 

therefore, divides and affects a very nn.ch 

larger number of motor cells. At the „„ 

same time less energy is spent in passing lrtheTu“S« 

through resistance a greater force 

mains to be expended on the motor cells, 8 uppii«d i>y av*; which have been shown 

- , > . • ..i ^ to he free from tho strychuiiio action. 

and the muscular movement is, therelore, 

much exaggerated. It is quite impossible at present to state the exact 
point at which strychnine removes the resistance to the passage of 
impulses. It does not seem located in the cells of the anterior horn, for, 
as has, been mentioned, tetanus may be elicited when they are certainly 
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not affected by strychnine. On the other hand, the cells of the spinal 
ganglion are not requisite, for stimulation of the posterior root sets up 
tetanus in frogs poisoned with strychnine, in which the section of the root 
has thrown the spinal ganglion out of action. The poison must, there- 
fore, act at some point between the entrance of the sensory root into the 
cord and the motor cells.^ It must bo remarked that while the resist- 
ance is much reduced, it is not entirely removed and the ordinary path 
is still soinewliat more easily traversed than the others, for very weak 
irritation often causes an ordinary reflex response in the frog, while 
slightly stronger stimulus throws it into opisthotonos. Baglioni has 
recently shown that a single stimulus is not sufficient to cause complete 
tetanus, but that the movement induced by the first shock leads to 
secondary stimuli arising from the joints and tendons which are moved ; 
the arrival of these secondary stimuli in the cord maintains it in 
activity, and the muscles consequently remain contracted until the 
cord is fatigued and refuses to react to the persistent stimuli from the 
periphery. The muscles then relax and an interval of quiescence fol- 
lows until the cord has recovered its irritability. 

Besides the spinal cord, all other regions in which simple reflex can 
be produced are affected by strychnine. Thus the medullary centres 
are thrown into the same condition, and their responses to stimuli are 
equally exaggerated ; but they are in constant receipt of impulses, and 
strychnine by increasing the efficiency of these augments the tone of 
the medulla oblongata, when it is given in small quantities. The in- 
creased activity of the higher reflex areas may in fact lessen or inhibit 
the irritability of the cord, so that the reflex response from the latter 
may be strengthened by the removal of the brain and medulla oblon- 
gata. 

Artificial respiration has been shown to delay the onset of convul- 
sions in animals, but it is still an open question whether this is due to 
the better aeration of the blood (Osterwald) or to the effects of the 
mechanical movements (Gies and Meltzer). 

The stimulation of tne spinal cord by strychnine is followed by de- 
pression and paralysis. Even during the first stage the stimulation is 
mixed with depression, for though a more violent response is induced 
by a sensory stimulus, this cannot be repeated so often as in the nor- 
mal frog, as the cord becomes fatigued more readily. The sensory part 
of the spinal cord seems to be paralyzed somewhat earlier than the 
motor cells, but these also lose their irritability after a time and no 
further movement can be elicited either by reflex or by direct stimu- 
lation of the cord. 

Strychnine seems to have no direct action on the voluntary Muscles ; 
it is stated that minute quantities increase their tone, that is, render 

1 The nuclei of the cells of the anterior horn in the spinal cord have been found 
somewhat enlarged in fi-ogs poisoned with strychnine, but this is observed also after 
electric stimulation, and seenis to indicate hyperactivity of the cell, which need not 
pecessarily be due to direct action of the poison on it. ' 
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them more tense, so that they are prepared for immediate contraction, 
but this is due to action on the cord and not. on the muscle fibres. 

The Terminatioiis of the Motor Nerves are paralyzed by large doses 
of strychnine in the same way as by curara. This effect is scarcely 
seen in mammals, as central paralysia always precedes it and destroys 
life, but in some species of frogs the nerve ends are paralyzed before 
the central nervous system. This paralysis is not due to the exhaus- 
tion of the nerve ends through the tetanus, but is a direct action on the 
terminations, although the exhaustion may contribute to the result. 

The Respiration is quickened and deepened by small quantities of 
strychnine, especially when the centre is depressed by the previous 
administration of a narcotic. During the convulsions the breathing is 
arrested by the violent contraction of the diaphragm and the other 
respiratory muscles, but during the intermissions it continues fairly 
regular. After one or two spasms it often fails to be reinstated, and 
the animal dies of asphyxia ; in other exjieriments it undergoes a 
gradual diminution in rate and strength, and eventually ceases from 
'gradual paralysis of the centre. 



The blood-pressure tracing of a cat under strychnine, shovring the marked rise during a spasm, 
quiescence ; couvulsioii commencing. 

In frogs very large quantities slow and weaken the Heart by direct 
action, but in mammals it is not directly affected by strychnine, though 
the stimulation of the inhibitory centre leads to a slightly slower 
rhythm. Occiasionally acceleration of the heart is seen during and 
after a convulsion, and this is probably due to the muscular exertion, 
and may be compared to that seen after violent movements in ordinary 
life. The stimulation of the Vaso-motor Centre leads to a constriction 
of the peripheral arterioles. Strychnine in small quantities therefore 
slows the heart and raises the blood-pressure, unless in exceptional 
cases where the slowing of the heart is so great as to counteract the 
contraction of the arterioles. 

^According to Impens (Arch, internat. de Pharmacodyn., VL, p. 156), this opeprs 
ill the rabbit only when sufficient strychnine is injected to cause spasms, 
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During the convulsions the blood-pressure is raised to an extreme 
height, partly owing to the activity of the vaso-motor centre and per- 
haps partly from the blood being pressed out of the abdominal organs 
and the muscles by their violent contraction. Immediately after a 
convulsion the blood-pressure falls, probably from the exhaustion of 
the centre. The blood -pressure remains elevated much longer in cura- 
rized than in uncurarized animals, which would seem to indicate that 
the fall in pressure is partly due to the substances produced by mus- 
cular activity. The constriction seems to affect mainly the internal 
vessels, while those of the skin and perhaps of the muscles are dilated, 
and the blood current is, therefore, deflected largely from the internal 
organs to the skin and limbs. The cause of the dilatation of these 
vessels is probably stimulation of vaso-dilator areas in the medulla. 

The heart continues to beat long after the breathing has ceased, and 
if artificial respiration be had recourse to, may remain active an in- 
definite time. 

In the Alimentary Tract, strychnine has the same action as any other 
bitter substance, and it produces a flow of saliva and increased appetite 
if taken before meals. (See Stomachic Bitters, page 55.) It seems 
to be absorbed from the intestine mainly. After absorption it probably 
increases the activity of the central apparatus regulating the movement 
of the bowel, but the results in man and in most animals have not been 
ascertained with exactness. 

Metabolism, — Strychnine produces an enormous activity of the mus- 
cles, and, therefore, increases very greatly the consumption of oxygen 
and the output of carbonic acid. This increased excretion of carbonic 
acid occurs, though to a less extent, even when the muscular contrac- 
tion has been previously eliminated by curara, and must, therefore, be 
due in part to the contraction of the involuntary muscle of the vas- 
cular walls and perhaps to the increased metabolism of the central 
nervous system. 

The augmentation of the oxidation in the tissues is accompanied by 
an increased formation of heat, which would lead to a rise in the tem- 
perature of the body were it not counteracted by an equal or even 
greater increase in its dissipation through the skin. The result of the 
interaction of these two factors is that in spite of ait increased warmth 
production the internal temperature is generally lowered in rabbits, 
while a slight rise in the thermometer is sometimes seen in dogs and 
cats. The skin temperature, on the other hand, rises considerably 
because more blood flows through it than usual. 

In the frog, the administration of strychnine is often followed by 
glycosuria. This does not seem to occur in adult mammals but is 
sometimes observed in young dogs, in which, as in frogs at certain 
seasons, there is a large accumulation of glycogen in the liver. Demant 
states that strychnine, even in small quantities, causes the glycogen of 
the liver and miiscles to disappear; the increased muscular movement 
and the disturbance of the respiration are probably the explanation of 
both of these phenomena. 
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Strychnine is eliminated in the urine chiefly. Its excretion begins 
soon after its injection, but is exceedingly slow, and the reaction is 
often given by the urine for 3-8 days afterwards. Traces of the alka- 
loid also appear in the stomach after its hypodermic injection, and it is 
not improbable that some of it undergoes oxidation in the tissues. 

The statement that a tolerance can be acquired for strychnine when 
it is given for some time has been proved quite incorrect (Hare). 

The action of strychnine is almost identical throughout the vertebrate 
kingdom. Man is more susceptible than other maininals, and young ani- 
mals are more refractory than adults, perhaps owing to the less developed 
condition of the central nervous system. The domestic fowl tolerates com- 
paratively large quantities without symptoms. Among the invertebrates, 
the reaction to strychnine seems to vary considerably ; in the medusm 
symptoms of increased irritability and typical convulsions arc produced by 
it (Romanes), while in the crab slightly increased movement may be observed 
occasionally, but the chief eflect seems to be depression and eventual 
paralysis. The snail is said to be pmctically immune. The temperature of 
the animal has some influence on the action of the poison, for frogs react 
inore readily when heated than when kept in the cold, the heat seeming to 
increase the activity of the central nervous system. 

Brucine, the second alkaloid of nux vomica, resembles strychnine closely 
in action but is much weaker, from 30 to 40 times as large a dose being re- 
quired to produce the same effect. It diflem from stiychnine also in possess- 
ing a much more powerful action on the nerve terminations in voluntary 
muscle, especially in some species of frog. It is credited with weak local 
anaesthetic properties. 

Calabarine and gelsemine are chiefly of interest as impurities which 
occur along with the more important alkaloids of the Calabar bean and of 
Gelsemium, while thebaine forms a connecting link between the opium alka- 
loids and strychnine, and will be discussed along with the morphine scries ; 
it seems to stand midway between strychnine and brucine in toxicity. 

Preparations. 

Nux Vomica (U. S. P,, B. P.), the seeds of Strychnos nnx-vomica, contains 
0.9-2 percent, of strychnine and 0. 7-1.5 per cent, of brucine, along with 
tannin, which gives a dark green coloration with iron salts. The powdered 
bean is occasionally prescribed in doses of 0.06-0.25 (1. (1-4 grs.). 

EXTIIACTUM Nucis VoMiCiE (U. 8. P., B. P.), 0.015-0.06 G. (}-l gr,). 

Fluidextractnm Nmu Vomiew (IT. 8, P.), 0.()6-().3 c.c. (1-5 mins.). 

IWdextraHutn Nuf‘h Vomictr JAqiddum { i \, P.), 1-3 mins. 

Tinctijra Nuens Vomio.e (U. S. P., B. P.), 0.3-1 c.c. (5-15 mins.). 

(IT. 8. P., B. P.), 0.002-0.004 0. (sW.t??*’-)- 

STRYCHNiNii5 Nithas (U. 8. P.), 0.002-0.004 G. l gr.). 

Strychnine Sulphas (U. S. P.), 0.002-0.004 G. (jVfy gr*)* 

Strychnine IIydrochlorjdum (B. P.), tj-h-iV gr. 

Liquor Sfrychnime Hydrochloridi (B, P.) (1 per cent.), 2-8 mins. 

Ferri et Sfrychnime Citraa (U. S. P.), 0.06-0.2 G. (1-3 gr.s.). 

Syrupus Ferri^ QuininiB^ et Strychninx Pfmphaium (U. S. P.), 4-8 c.c. (1-2 
fl. drs.). 

Syrupus Ferri Fhosphatis cum Quinina et Strychniua (B. P.), J-1 fl. dr. 

The extract is generally prescribed in pill form, while strychnine siiljihate 
or hydrochk)rate may be given in solution, pill or tablet ; where rapid action 
is desired, it is injected subcutaneously. The tincture is largely used as a 
stomachic bitter, and the iron preparations in conditions of general debility, 

firucina (not pharmacopoeia!), 0.005-0.03 G. (x 2 '“i‘ 
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Therapeutic Uses. — Strychnine is used largely for its local action oh 
the digestive organs as a stomachic bitter, and is generally prescribed 
in the form of the tincture or one of the extracts for this purpose, as 
in this way it is much less liable to absorption than when given as an 
alkaloidal salt. It may be combined with the cinchona preparations 
or with one of the simple bitters.. 

Small quantities of strychnine are of benefit in many ill-defined con- 
ditions of weakness, cachexia and ^^want of tone” generally. The 
results are probably partly due to its stomachic effects in increasing 
appetite and digestion, but the action on the central nervous system 
cannot be overlooked. The slight increase in the irritability of the 
cord probably leads to an improvement in almost all of the nutritive 
functions through increasing the contraction of the vessels and pro- 
ducing greater activity of the muscles. In this way strychnine per- 
haps deserves the name of tonic ” more than most of the drugs to 
which it is applied. It must be added that in a number of conditions 
in which strychnine is ordinarily employed, Cabot failed to find any 
change in the blood-pressure after its use. 

As a stimulant to the central nervous system ’ strychnine has found 
wide application in almost every form of paralysis, and as long as dis- 
tinct anatomical lesions of the central nervous axis are absent, it may 
be of benefit ; for instance, it is often valuable in lead poisoning ; but 
where the continuity of the axis is broken by hsemorrhage or by the 
destruction of the nerve cells, little improvement is to be anticipated 
from its use, though it may serve to delay or prevent the atrophy of 
peripheral nerves and muscles in some of these cases. When the par- 
alysis is due to an inflammatory process, strychnine is to be used with 
the greatest care, or is perhaps better avoided entirely as long as the 
irritation is present, as it seems to increase and prolong the inflamma- 
tion when used early in these cases. 

Strychnine is used as a respiratory stimulant in some forms of pul- 
monary disease in which it is desirable to increase the respiration or to 
provoke coughing. It has been advised in failure of the respiration 
during ansosthesia, and is certainly more likely to be beneficial than 
the great majority of drugs suggested for this purpose. Too large 
doses must not be injected in these cases, however, as strychnine 
paralyzes the respiratory centre itself when given in excess. In other 
forms of poisoning in which the respiratory centre seems in danger, 
and in shock, strychnine may also be of service, especially when it is 
injected hypodermically. Other respiratory stimulants which may be 
substituted for strychnine for some purposes are caffeine and atropine. 

In amaurosis or amblyopia unassoeiated with atrophy of the optic 
nerve, and even in commencing atrophy, strychnine has frequently im- 
proved the vision. In many cases it fails to produce any benefit, and 
the exact conditions in which improvement can be looked fi)r are un- 
known. 

^ Other central nervoiis Btimulants ai*c Qaffeine, Atropine, Camphor. 
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Strychnine seems to be of benefit in some cases of heart disease 
and is often supposed to have a direct action on that organ. Any im- 
provement which may be produced by it, however, must be attributed 
to the constriction of the vessels, and the indications for its use would 
seem to be a low blood-pressure ; Crile denies it any value in the treat- 
ment of the low blood-pressure of shock, however. The increased 
arterial tension may be prejudicial to the heart in some conditions, 
through increasing the resistance against which it has to contract. The 
heart-rhythm is also slower after strychnine has been administered, 
owing to stimulation of the inhibitory centre. A similar effect follows 
the use of aconite, veratrum, and digitalis, though in the case of the 
last it is accompanied by changes in the heart which are not induced by 
the others. 

Strychnine is ^id to be of value in chronic alcoholism in lessening the 
depression which forms one of the chief difficulties in the treatment. 

The other alkaloids of this series do not seem to have any proper- 
ties which would entitle them to a position in therapeutics. 

Poisoning. — In cases of strychnine poisoning, the first treatment 
consists in the evacuation of the stomach by means of emetics, or bet- 
ter by the stomach tube ; it may be necessary to give chloroform as the 
attempt to pass the tube is often followed by violent convulsions. 
Preparations of tannic acid, such as strong tea, n)ay be given in order 
to form the insoluble tannate, which, however, must be removed as 
quickly as possible, as it is broken up by the acid gastric juice and 
the strychnine is rapidly absorbed. To combat the convulsions, de- 
pressants to the central nervous system should be given, and, although 
chloral is usually advised, chloroform or ether is often preferable. 
It is unnecessary to produce deep ansesthesia, a few whiffs of chloro- 
form being often sufficient to allay the convulsions. The advantage 
of the anaesthetics over chloral is that they can be removed if any 
symptoms of strychnine paralysis appear. Opium has been suggested, 
but is not nearly so efficacious in strychnine poisoning as members of 
the methane series. If the paralysis comes on, artificial respiration 
may be attempted, although the poison is excreted too slowly from 
the organism to permit of much hope of recovery. 


Bibliography. 

Mayer, Sitzungsber. der Wiener Acad., Ixiv., 1871, p. 657. 

Denys, Arch. f. exp. Path. u. Pharm., xx., p, 306. 

Povkson, Arch. f. exp. Path. ii. Pharm., xxvi., p. 22. 

Wood, Journ of Physiol., xiii., p. 870. 

Hamack. Arch. f. exp. Path. u. Pharm., xlix., p. 157. 

Delezmne, Arch, de Physiol. (5), vi., p. 899. 

Houghton and Muirhead, Medical News, 1895, i., p. 612. 

Sickert, Med. News, 1893, i., p. 3G9. 

Mays, Journal of Phys., viii., p. 391. ^ 

Hogijes, Arch. f. exp. Path. u. Pharm., xvi., p. 97. 

Walton. Journal of Phys., iii., p. 308. 

Filehne and his pupils. Pflugei-Js Archiv, Ixxxiu., pp. 369, .397, 403. 
Arch. f. ()phthalmologie, 1., p. 665. 



206 ORGANIC DRUGS ACTING ARTER ARSORPTTON, 


Osterwald, Arch. f. exp. Path., xliv., p. 451. 

Verworn and Baglimd, Arch. f. [Anat. u.] Phys., 1900, p. 385, Supplem., pp. 152, 
193. Ztschr. f. allg. Physiol., ii., p. 556, iv., p. 113. 

Mdlzerj Salant and (lies, Journ. of Exp. Med., vi.. p. 107 ; Amer. Journ. of Phys., 
‘ jx., p. 1. 

Sherrington, Proc. Royal Society, IxxVi., B. 

Hare. Amer. Journ. of Physiol., v., p. 333. 

In addition, strychnine was studied by Magendie, Cl. Bernard and Orfila and theii 
works ought to be consulted for the earlier history of the poison. 

III. OPIUM SERIES. 


Opium has been used in medicine since a very remote period, and 
although many substitutes have been proposed for it of late years, it 
still occupies a position of its own in therapeutics. It is the dried 
juice of the Papaver somniferuni, a poppy which is grown chiefly in 
India, China, Egypt, Persia and Asia Minor, but has been cultivated 
in colder climates and is said to produce a more powerful opium 
there. Opium owes its activity to a large number of alkaloids, of 
which Morphine is the most important. Others are Codeine^ Pseudo^ 
morphine, Thebaine, Codamine, Laudanine, Laudanodne, Papaverine, 
Meconidine, Lanthopine, Cryptopine, Protopine, Papaveramine, Rhoea- 
dine. Narcotine, Oxynarcotine, Narceine, Ilydrocotarnine, Gnoscopine 
and Tntopine. Many of these, however, occur only in traces. The 
total amount of alkaloids in opium varies from about 5-25 per cent., 
and different specimens mayjjontain very different quantities of each 
alkaloid ; for instance, morphine may vary from 2.7-22.8 per cent. 
The average percentage of morphine is 10, of narco tine 6, papaverine 
1, codeine 0.5, thebaine 0.3 and narceine 0.2 ; the others occur in too 
small quantity to have any influence on the action of the crude drug. 
The alkaloids are found in opium in combination with meconic, lactic 
and sulphuric acids. The empirical formulae of most of the alkaloids 
have been determined, those of the most important being morphine 
(C^yHjgNO,), codeine (CigIT 2 iN 03 ), narcotine (CggHgsNO^), papaverine 
(CgyHg^NOJ, thebaine (C^yllgjNO,). The constitutions of several are 
known, and these appear to be isoquinoline derivatives, but the structural 
formulae of morphine and’ codeine are still undecided, and the majority 
of investigators are now inclined to believe that they do not belong to 
the pyridine-quinoline alkaloids. Morphine apparently contains phe- 
nanthrene (C^^IIjy), a hydrocarbon isomeric with anthracene, combined 
with a nitrogenous radicle which is probably morpholine ; ^ it possesses 
two hydroxyls and the substitution of one of these by methoxyl forms 
codeine. Thebaine and several others appear to be closely related to 
morphine, and it is not improbable that they may all eventually prove 
to be more nearly related than their reactions would seem to indicate 
at present. 

The action of opium is due to the large amount of morphine con- 


^ The formula for morpliino accepted as most probable at present is 


0„H„(OH) 


/N{CHa)— CHj 
“\0 CH, 
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tained in it, the other alkaloids being present in too small quantity to 
modify its effects appreciably. Morphine acts chiefly on the central 
nervous system although it also affects some peripheral organs, sijch 
as the intestine. Its action varies considerably in different animals, 
and it is therefore necessary to consider its effects at some length upon 
tlie different classes. 

Symptoms. — The Frog is remarkably tolerant of morphine, no change 
* whatsoever following the injection of quantities which would cause dis- 
tinct symptoms in man. The first symptoms elicited are a diminution 
of the spontaneous movements ; the animal sits still unless disturbed, 
but then moves in a perfectly normal manner. Later the movements 
become clumsy and ill-coordinated, and at the same time they are 
elicited less easily. At a somewhat more advanced stage of the intox- 
ication, the animal makes no movement when placed in abnormal 
positions, as on its back, which indicates that it has lost entirely its 
power of preserving its equilibrium. The spinal cord maintains its 
irritability, but in a lower degree than usual, as is shown by the reflex 
movements being Aveaker than in the unpoisoned frog. This condition 
may last for several hours, when a series of symptoms of an entirely 
diflerent nature appear. The rciflex response to irritation is distinctly 
depressed during the 'first stage, but in this second phase it begins to 
return, and eventually a condition of exaggerated reflex irritability 
sets in. This development first affects the muscles of respiration, 
but soon spreads over the whole spj^al cord, so that the condition 
comes to resemble exactly that noted strychnine poisoning, excejit 
that the frog seems more easily exhausted than after moderate quanti- 
ties of strychnine. The same tetanic contractions of the muscles are 
to be seen, however, with opisthotonos and cessation of the respiration, 
interrupted by periods of quiescence and exhaustion. The animal 
may recover from this stage, in which case it again passes through the 
stage of depression, but it frequently dies during it from exhaustion 
and paralysis of the cent|pl nervous system. 

In Mammals, morphine produces symptoms resembling those seen in 
the frog, first depression of the voluntary movements, and later a marked 
increase in the reflex irritability. The relative importance of these two 
stages differs, however, in the different classes, and indeed in different 
individuals of the same class. Thus in the eat and in all the other 
^ felidte, and in the horse and ass morpliine seems rather to increase than 
to diminish movement. The animal runs about the room or in a circle 
and seems unable to remain at rest for a moment. At the same time a 
depression of the intelligence and of the power of perception makes it- 
self manifest, for no definite attempts at escajie are made and obstacles 
are not avoided so carefully as by the unpoisoned animal. Eventually 
convulsions similar to those seen after strychnine are developed. In 
the dog, ou the other hand, the depressant action of the drug is the more 
highly developed, at any rate after small doses. The first symptom is 
not infrequently vomiting and defsecation, and then the animal passes 
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into a light sleep, from which he can be easily aroused by touching or 
by noise, but which rapidly becomes deeper, so that greater force has 
to be used to waken him. When once awakened, he seems to sleep less 
heavily for a short time, and a much slighter stimulus is enough to 
arouse him if it is applied soon afterwards. When awakened he may 
perform apparently voluntary movements for a short time, although 
more clumsily than in his normal state, but no complete conscious- 
ness is present, the animal is stupid and drowsy and soon sinks back 
into deep slumber again. The sensation of pain seems to be much 
lessoned but not entirely abolished, and reflex movements are diffi- 
cult to elicit. After larger quantities an exaggerated sensibility to 
external stimulation seems present, for the animal starts convul- 
sively at loud sounds and on pinching, but when left undisturbed lies 
in profound sleep. The respiration is at first quick and dyspnceic, the 
dog panting as if after a long run, but later it becomes slow and 
labored; the pupil is narrowed; the circulation seems less affected, 
although a congestion of the skin and mouth is often observed. The 
stage of strychnine-like convulsions is not developed in the dog, 
although the reflex irritability may be distinctly increased by large 
quantities. Just before the respiration finally ceases, convulsions 
generally occur, but these are asphyxial in origin and are not due to 
the direct action of the alkaloid. In the rabbit and other rodents the 
symptoms are similar to those seen in the dog, but the depression is 
even more marked. An increase in the reflex irritability to external 
stimulation is also evident here, while the respiration is slowed from the 
beginning. Small quantities of morphine produce drowsiness in the 
horse, ass or goat, larger quantities restlessness and excitement which 
may pass into convulsions and death. 

In Birds, morphine causes vomiting, drowsiness, sleep and stupor, 
with slow and imperfect respiration, very much as in mammals. It 
has been repeatedly stated that pigeons possess a high degree of toler- 
ance for morphine, but this does not seem correct, for though in com- 
mon with all the lower animals they are much less susceptible to its 
influence than man, the tolerance does not seem much greater than that 
of rabbits and dogs when, the drug is administered hypodermically. It 
seems to be absorbed with difficulty from the crop. 

Ill Man, small quantities of morphine lessen the voluntary move- 
ments and produce a drowsiness which soon passes into sleep, unless 
the patient is continually aroused by his surroundings. As long as he 
is kept awake, his actions and movements show nothing abnormal, but 
it is impossible to keep his attention directed to any object for long, 
and as soon as he is left to himself for a few moments he sinks into 
sleep. After small quantities there is no difficulty in arousing him ; in 
fact, the sleep seems lighter than usual and may resemble rather a 
state of abstraction or “ brown study In this condition the im- 
agination is not depressed to the same extent as the reason, and it is 
often stated, therefore/ that opium at first stimulates the intellectual 



■ ■ ■■ ■■ ■V- ■ .=■ 

powers. This is incorrect, however — the self-control and judgment 
are lessened, and although the stream of thought may seem more rapid 
and the images more vivid than usual, the logical sequence is lost, and 
the condition may rather be compared to dreaming than to a real in- 
crease of the intellectual powers. In particular, the patient has often 
no idea of time. This stage of abstraction is not by any means gen- 
erally observed and soon passes into sleep, but the unchecked imagina- 
tion may still persist in the form of dreams. 

In larger quantities morpliine produces deep, dreamless sleep, from 
which the patient is still easily aroused, but which returns at once 
when he is left undisturbed. When once aroused, he can be kept 
awake or can be aroused again after a short interval much more easily, 
some time elapsing apparently before the same degree of depression is 
reached again. As tlie dose is increased, the sleep deepens into toipor, 
from which he can be wakened only with difficulty, and eventually all 
efforts to arouse his attention are fruitless and he sinks into coma, 
which may be reached very soon after a large dose. During this 
deeper sleep and coma the respiration is very slow, the pulse is regu- 
lar, full, and of moderate speed. The pupils are contracted to a small 
point and the month and throat are dry. The face is purple and con- 
gested, and the skin feels warm, although the temperature may bo low. 
The breathing generally becomes slower and weaker, and ocjcasionally 
periodic (Cheyne-Stokes). The cyanosis increases, the pulse becomes 
smaller and often quicker, the pupils remain contracted, but dilate 
widely just before the final arrest of the repiration. The heart con- ^ 
tiniies to beat feebly for a short time afterwards. 

After small doses of morphine the patient generally awakes refreshed, 
and, save for an occasional. dryness of the throat and slight nausea, 
apparently quite normal. Not infrequently, however, headache is com- 
plained of, and sometimes nausea and vomiting, accompanied by marked 
depression. In rare cases delirium, and even convulsions, have been 
observed soon after its injection, but these symptoms of excitement are 
so rare in the human subject as to be classed as idiosyncrasies. Some 
skin affections, such as itching and redness, are occasionally seen while 
the action is passing oflF. 

Action. — The action of morphine on the Central Nervous System seems 
to consist then of a mixture of stimulation and depression, which are 
not equally marked, however, throughout the divisions of the central 
axis. The depression seems to be produced mainly in the brain, 
especially in those parts associated with the higher intellectual facul- 
ties, while the stimulation affects first the spinal cord. It seems likely 
that in different animals ttiese two opposing influences prevail to vary-^ 
ing extents, so that in some the stimulant action extends to the brain, 
as in the cat, while in man the depressant action dominates the whole 
central nervous system, at any nite wdien moderate quantities are used. 
The action on the brain is elicited by smaller quantities than that on 
the cord, so that the first effect of morphine is general intellectual de- 
pression, while the increased activity of the spinal functions is only 
14 
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elicited by very large q uanti ties. This selective action of morphine is es* 
pccially evident in the medulla oblongata, in which certain centres are en- 
tirelyparalyzed before neighboringones undergo any distinct modification. 

Morphine, therefore, seems to combine in itself the properties of 
alcohol and of strychnine ; like the former, it depresses the functions 
of attention and coordination of the brain, while, like the latter, it in- 
creases the activity of the spinal cord. 

The effect of morphine on the Spinal Cord has been studied almost 
exclusively in the frog. The reflex irritability in these animals is first 
diminished to a slight extent, and then increased to the same degree 
as by strychnine. It seems difficult to believe that the same drug 
should cause first depression and then stimulation of a function, but It 
has been shown in the description of the action of strychnine that all 
the elements of the spinal cord are not involved in the changes pro- 
duced by that poison, and a possible explanation would be that while 
small quantities of morphine lessen the ability of the motor cells to 
give out impulses, larger quantities increase the activity of the recep- 
tive and transmitting cells, so as to compensate for the depression of 
the motor cells and eventually to conceal their depression entirely. 

It will be shown in the discussion of the effects of morphine on the 
respiratory centre that some grounds exist for the belief that the 
motor functions are depressed by morphine, but this explanation of its 
action on the cord must be looked upon merely as a preliminary hypoth- 
esis to account for the phenomena.^ 

The hypothesis of opposing action on the motor and sensory ele- 
ments of the cord would explain the different results observed in dif- 
ferent classes of animals by assuming that the depressant effects on 
the motor apparatus are more developed in one class, while in another 
the stimulation of the receptive apparatus is the predominating feature. 
It is to be remarked that in all animals the cord is less depressed than 
in the corresponding stage of chloral poisoning, for if two animals are 
poisoned, the one with morphine, the other with chloral, until no 
voluntary movements occur, the reflexes of the one poisoned with 
morphine are always found more active than those of the other. 

The effects of morphine on the Brain arc no less difficult to account 
for than those on the cord. In the frog, the symjjtoms of increasing 
depression correspond to those observed after the removal in succession 
of the cerebral lobes, the corpora quadrigemina, the cerebellum and 
the medulla oblongata. In man, it is often found that comparatively 
small quantities are sufficient to deaden or even entirely remove the 
pain of disease without rendering the patient unconscious. The in- 
telligence is not so acute as normally, but he answers questions and 
converses freely and may even seem abnormally sensitive to impres- 
sions caused by loud noises or bright flashes of light. Animals in this 
condition may be subjected without resistance to what would ordi- . 

* The old explanation, which attributed the increased activity of the spinal cord to its 
being liberated from the inhibitory action of the brain through the cerebral depression, 
has proved inadequate, for total destruction of the brain does not give rise to the ex- 
aggerated redex movements elicit^ by morpliine in the frog. 
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narily involve considerable pain, provided the application be not sud- 
denly made. If struck suddenly, however, they react as usual, and 
remain apparently as sensitive, as usual for some time. Morphine 
then seems to lessen the power of concentrating the attention. As 
long as any stimulus is of constant strength, be it an internal pain or 
a noise or light, the morphinized individual remains unconscious of it. 
On the other hand, a shock is at once perceived, and the lethargy being 
for the moment dispelled, lie reacts to his surroundings for a short time, 
but is incapable of prolonged attention and soon sinks into stupor again. 

Morphine in moderate quantities seems to have but little effect on 
the irritability of the motor areas of the brain cortex, but in large 
quantities it lowers and eventually abolishes it. Exner found no 
alteration in the time elapsing between the perception of a flash of light 
and a preconcerted movement, while others have found that the re- 


action to a slight touch was re- 
tarded. This would agree with the 
hypothesis introduced above — the 
power of summation is lessened 
and sliglit stimuli an* therefore per- 
ceived more slowly, while a stronger 
impression is perceived and acted 
upon after the usual interval. 

Several observers have investi- 
gated the relative sensibility of the 
skin before and after morphine. 
The method employed was to meas- 
ure the smallest distance on the skin 
at which the person could recognize 
two points as distinct. In every 
case it was found that the ability to 
do this was lessened by morphine 
owing to the central depression, the 
drug seeming not to have any direct 
action on the sensory organs them- 
selves. Various authors have ex- 
amined the cortical cells after mor- 
phine with the hope of finding some 
liistological changes produced by it. 
Tlie results are discordant, how- 
ever, and altemtions said to be 
characteristic by one investigator 
have been shown to be due to the 
histological methods used by him. 

Before closing the consideration 


Fig. 17. 



Dlaji^rani of the volnmc of air inapired by a 
abbii during morphine iiarcosiH. M, injection 
»f morphine. The amount Ih meaKured in c.c. 
along the perfietidicular, while the time is inoati- 
tired along the horizontal line. At firat about 
540 C.C. is inspired in 2)^ minutCH, but after the 
injection of morphine, Af, the volume falla to 
about 200 C.C. and is maintained at 200-300 
throughout the experiment. (After STUita« 

BKKO.) 


of the action of morphine on the 

central nervous system, it may be well to discuss its effects on the 


Bespiration. In man and in most other animals the respiration is 
slowed by morphine from the beginning (Pig. 17), but in the dog 
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there is often a preliminary stage of rapid^ "panting breathings which 
may, however, be secondary to the emetic and purgative eflfects. The 
respiration in man is at first somewhat deeper than usual, but the in- 
crease in the depth is seldom sufficient to counterbalance the slowness of 
the breathing, so that the air inspired per minute is considerably re- 
duced ; in the later stages it becomes shallower and is often irregu- 
lar. This irregularity may have a periodic character, a series of deep 
respirations being followed by several progressively weaker ones and 
then by complete inactivity for several seconds. The breathing then 
recommences with a very slight movement, followed by a series in- 
creasing regularly in strength and then again decreasing. This form 
of respiration (Cheyne-Stokes) is seen in various pathological condi- 
tions and has received different explanations, but is probably due to 
direct action on the respiratory centre. It has been mentioned already 
that when the animal is once aroused repeated movements are much 
more easily elicited, and it would seem probable that the accumulation 
of carbonic acid and other poisons and the lack of oxygen in the blood 
during the pause eventually awaken the torpid centre, which causes a 
small movement. The next movement is larger owing to the persist- 
ing activity of the centre and this continues until, the blood becoming 
less venous, the stimulus becomes weaker and the cells sink again into 
their former torpor, to be again resuscitated by the increasing venosity 
of the blood. lioewy has examined with particular care the condition 
of the respiratory centre, and found that much larger quantities of car- 
bonic acid than usual were required to increase the volume of the re- 
spired air a given degree. His results may indicate that the power of 
sending out impulses as well as of receiving them is lessened by mor- 
phine, while the narcotics of the methane sei’ies may perhaps lessen 
the receptivity of the centre without lessening its power to emit 
impulses. 

After large doses the respiration becomes gradually slower and 


Fig. 18 . 



Chey ne^tokes respiration in opium poisoning. The up strokes denote inspiration. ( After Filkhi 

weaker, and often loses its periodic character. Even after conscioos- 
ness fails to be aroused by the most powerful shocks, some influence 
may be exerted on the respiratory centre, Thus the sudden application 
of cold water may cause several deep respirations, although it fails to 
dispel the stupor, but the respiration finally fails to react to these ap- 
plications and soon hftervi^rds ceases. 



OPIUM SEMim 213 

To sum up the action of morphine on the central nervous system, 
it produces great depression which is ‘ especially marked in the psy- 
chical functions, but spreads over the lower parts of the nervous axis 
and involves sooner or later the respiratory centre. This depression 
does not seem to affect so much the motor areas as the powers of the 
will and attention. In mammals the failure of the respiration closes the 
course of the intoxication, but in the cold-blooded animals a further 
developmeni of excessive reflex irritability follows which may pass 
into tonic convulsions. Even in the higher animals and man some 
indication of this action on the cord may occur, and in the feline group 
this stimulation involves not only the cord, but also the motor areas 
of the brain apimrently. 

Morphine has little direct action on the Circulation. The heart is 
often slightly accelerated at first, perhaps from the slight nausea. 
The frog's heart is rendered slow and weak by very large quantities of 
morphine. 

The blood-pressure remains high and the peripheral arteries in 
general show no change of calibre, with the exception of those of the 
skin, especially of the head and neck, which arc dilated, rendering the 
face flushed and hot ; as asphyxia comes on the flush becomes more 
dusky and cyanotic, but the vessels remain dilated, so that the face is 
of a bloated, purple color. The dilatation of these vessels has little in- 
fluence on the general pressure. It arises from some obscure cejitral 
. action, but it is unknown whether this is of the nature of stimulation 
or of depression. The dilatation of the superficial vessels causes a sense 
of warmth in the skin, which is occasionally followed by itching and 
discomfort. It may account in part for the increased perspiration often 
observed, although this is doubtless contributed to by other factors. 
As asphyxia advances, the pulse may become slow, while the blood- 
pressure varies, either rising from the asphyxial activity of the vaso- 
motor centre or falling from the slowness of the heart. These effects 
are entirely absent if the blood be sufliciently aerated by artificial res- 
piration, and are, therefore, to be regarded as indirect results of the 
action on the respiratory centre. 

The selective action of morphine is thus excellently illustrated in its 
effects on the medulla oblongata, for the respiratory centre is paralyzed 
before the centres for cardiac inhibition and vaso-constriction are 
affected to any marked extent. 

The peripheral Muscles and Nerves are also unaffected by morphine 
in any except overwhelming doses. Even when directly applied to 
the nerve it has but little effect on the irritability (Waller). When mor- 
phine is injected subcutaneously in the frog in large quantities, it 
lessens the power of the end-organs to transmit impulses, but no such 
effect is noted in mammals. It is often stated that the sensory termi- 
nations are paralyzed by morphine, and solutions are therefore injected 
into the seat of pain, or liniments are rubbed into the skin over it, but 
as a matter of fact, morphine seems entirely devoid of ‘any such local 
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action. The sensibility of the skin is lowered by an injection, it is 
true, but no more so at the point of application than in other parts of 
the body, so that the action appears to be central. 

The Pupil undergoes characteristic changes in morphine poisoning. 
In the great majority of cases in man, the pupil is contracted to pin- 
point dimensions until just before the final asphyxia, when it dilates 
widely. In some animals, such as the dog and rabbit, the same effects 
are seen, while in birds the pupil remains unaffected, and in animals in 
which morphine causes movement and excitement, it is dilated widely. 
The action is undoubtedly central, and not due to any local changes in 
the eye. A number of other drugs produce equally marked contrac- 
tion of the pupil, but these have the same action when dropped into 
the conjunctival sac, while morphine has no effect when applied in 
this way; atropine applied to the conjunctiva at once removes the 
myosis produced by morphine. The terminal dilatation seen in man 
is not due to any direct action of the poison, but is a result of the 
general asphyxia. 

As a general rule the Secretory Glands seem to be rendered less ac- 
tive than usual by morphine. When it produces nausea, however, it 
may increase the saliva and the mucus, but these are the usual accom- 
paniments of this condition and cannot be considered due to any special 
action of the poison. The sweat glands are exceptions to the general 
rule, however, for slight perspiration is generally observed from the 
therapeutic action, and profuse perspiration is seen before death in some 
cases in man from the effects of the asphyxia. The urine does not 
generally show any distinct alteration after morphine in man, but 
there is not infrequently retention in the bladder because the sphincter 
reflex is absent. 

The Alimentary Canal manifests some distinct changes under mor- 
phine, and although these have been the subject of numerous researches 
no satisfactory explanation has as yet been vouchsafed. In the human 
subject its injection is occasionally followed by some nausea, which is 
much more frequently present, however, during recovery from the 
drug. In the dog and cat nausea and vomiting are almost invariable 
sequelae of its application in any form, and from the rapidity with 
which they follow its subcutaneous injection would seem to be due to 
its acting on the medullary centre. Small quantities of opium or 
morphine lessen the sensation of hunger in the human subject, but this 
is probably to be attributed to central action rather than to any effects 
on the stomach. Batelli states that the gastric movements in animals 
are first increased and then retarded by morphine, and liiegel states 
that in man and the dog the gastric secretion is generally retarded at 
first but is subsequently increased to a considerable extent. This oc- 
curs whether the drug be administered by the mouth or hypodermically 
and is therefore due to some change induced by it after absorption. 
Tlie rate of absorption in the stomach and bowel appears to be un- 
changed by morphine. 
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The eflfects on the intestine vary with the dose injected as well as with 
the species of animal. Very large quantities cause violent peristalsis 
and repeated evacuation of the bowel in the dog, cat, and according to 
some authors, the rabbit, while small doses, on the other hand, are 
followed by lessened peristalsis and constipation in man and in most 
animals. Even in poisoning in man, the purgative effect is not ob- 
served, and opium and morphine are very extensively used in thera- 
peutics to quiet the movements of the bowel. Two explanations of 
this action have been offered, the first that moderate quantities of mor- 
phine stimulate the centre in the cord inhibiting the intestinal move- 
ments, while larger doses paralyze this centre and thus allow the bowel 
to contract more powerfully than usual (Nothnagel), the second that 
the central nervous system is not concerned in the sedative effects, 
which are attributed to morphine depressing the local mechanism in 
the intestinal wall. Neither theory is wholly satisfactory, and some 
writers arc, therefore, inclined to believe that the action is partly cen- 
tral on the spinal cord and partly [wripheral on the bowel wall. It is 
to be remarked that morphine is excreted by the intestinal epithelium 
and that this may have some connection with the excessive peristalsis. 

It seems more probable that the efiects arc peripheral than that 
they are central, for none of the other nnmenms drugs which act 
on the spinal cord possesses this curious action on ti)e intestinal 
movcmients. 

Morphine frequently causes a slight fall in the Temperature, which 
may be explained by the less active movements and the dilatation of 
the cutaneous vessels; sometimes a slight preliminary rise in the tem- 
perature has been seen in man. It is found that animals under mor- 
phine react less to an increase in the surrounding temperature than 
unpoisoned ones; /. c.,a normal animal exposed to a higli temperature 
takes measures to prevent its internal temperature from rising above 
the normal, while, under morphine, these measures are less effective, 
and the temperature rises more rapidly and to a greater height ; this 
indicates that the temperature centre in the brain is rendered less 
sensitive. 

Metabolism. — The excretion of carbonic acid is lessened during the 
depression stage, while in those animals in which excitement is pro- 
duced, it may be considerably augmented from the increased muscular 
movement. The imperfect respiration leads to an increase in the lactic 
acid of the blood and urine and to the disappearance of glycogen from 
the liver. Sugar may appear in the urine from the same cause (Araki). 

Excretion. — Morphine is excreted mainly by the digestive tract, in tiie 
saliva, stomach and bowel, and is therefore found in large quantities in 
the faeces even after hypodermic injection. Traces of it occur also in 
the urine after large doses. It appears in the stomach very soon after 
injection, a weak reaction occurring after 2| minutes according to Alt, 
but after about an hour no further excretion into the stomach has been 
shown to occur, although its narcotic action persists much longer. A 
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certain amount of the morphine undergoes partial oxidation in the 
tissues, and some oxidation products have been said to occur in the 
urine. 

Tolerance. — ^The continued use of morphine or opium leads to a con- 
dition of tolerance in which enormous doses of the drug are necessary 
to elicit any effect. Faust has succeeded in producing a similar state in 
dogs, and finds that much more morphine is oxidized in the tissues in 
this condition than in untreated animals ; for when a normal dog re- 
ceived an injection of morphine, over 60 per cent, of the amount in- 
jected could be recovered from the stools, while when a much larger 
quantity was injected into a tolerant animal, none whatever was found 
in the excreta. It does not follow that the absence of symptoms from 
large doses in morphinists is due wholly to the poison being oxidized 
before it can reach the brain, for Cloetta was able to isolate large 
quantities from the tissues of animals in which tolerance had been 
established. It is rather to be inferred that the nerve cells become 
habituated to its presence in the blood, and cease to react so strongly 
as in normal individuals, and that in addition the tissues acquire a 
greater power of oxidizing morphine under these circumstances. The 
attempt to find antimo^hine serum ” has proved fruitless. 

Oodeine resembles morphine in the general features of its action, 
although it is much less poisonous. It depresses the brain, and 
causes an exaltation of the activity of the lower parts of the cen- 
tral nervous system. Its deprassant action is not so powerful nor so 
enduring as that of morphine, however, while the stimulation is more 
evident and involves not only the cord, but also the medulla oblon- 
gata and lower parts of the brain. As has been mentioned already, 
morphine also stimulates rather than depresses the brain in the 
feline class, but with codeine this is true also for the dog and to a 
less extent for man. In the latter small quantities of codeine produce 
sleep but this is not so deep and restful as that which follows the 
administration of morphine, and the patient is liable to be awakened 
by slight noises, and is restless and often unrefreshed when he awakens. 
Somewhat larger quantities, instead of inducing deeper sleep, increase 
the restlessness and cause a considerable exaggeration in the reflex ex- 
citability. The respiration is not so much slowed as after morphine, 
and, according to Winternitz, the excitability of the centre is prac- 
tically unchanged, while morphine reduces it very considerably. The 
pupil is slightly contracted during the codeine sleep, but dilates when 
the excitement stage follows. Codeine does not seem to produce so 
great constipation as morphine, and in animals often causes purging 
and diarrhoea. It is excreted in the urine mainly, and prolonged ad- 
ministration fails to iuducie tolerance or to promote its destruction in 
the tissues (Bounia). 

Codeine is methyli?iorphine, and a nuniber of similar compounds have been 
formed artificially, ^Uch as ethylmorphine and amylmorphine. Two of these, 
ethylmorphine (Dionine) and benzylmorphiue (Feronine) have recently been 
introduced into therapeutics, hut appear to possess no advantages over codeine. 
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OxydimorpMne (Cj^Hg^NgOg) has been believed to be present in the urine 
after the administration of moiphine. It has also been found in opium by 
some investigators and has a very weak narcotic action resembling that of 
morphine. Marni4 supposed that the symptoms seen after the abrupt with- 
drawal of morphine in cases of opium habit were due to this, oxydimorphine 
remaining in the tissues, but this has not been confirmed. 

Heroine is an artificial -alkaloid formed from morphine by substituting 
acetyl for its two hydroxyls, and has attracted some . attention recently 
through its being advocated as a respiratory sedative in cough. It appears to 
resemble morphine in its general effects, but is said to act more strongly on 
the respiration and less on the cerebral functions. Thus the respiration is 
rendered slower with less mental depression than would accompany an 
equal change elicited by morphine. According to the advocates of heroine, 
the slowness of the breathing is in part compensateSi for by its greater 
depth, so that the actual diminution of the air inspired is not proportional to 
the decrease in the number of the movements ; but this has been disputed^ 
and is certainly not invariably true, particularly in man. On the whole the 
evidence of experimental and clinical observers seems to indicate that heroine 
deserves a place between morphine and codeine. 

Papaverine stands midway between codeine and morphine in its action on 
the central nervous system, but is a comparatively weak poison. Even in 
large quantities it has not the soporific action of morphine, nor does it 
produce the same degree of excitement as codeine. Comparatively small 
quantities arc followed by sleep, but this does not becHnne deeper as tlio dose 
is increased. On the contrary, the reflex excitability is auginenterl, and 
after very large quantities some tetanic spasm may be elicited, but this seems 
to be of syiinal origin entirely, while that produced by codeine points rather 
to an affection of the lower part of the brain. Papaverine has more 
tendency to slow the heart rhythm than either morphine or codeine ; it 
apparently acts directly on the heart muscle and not through the ri'gulating 
centres. The blood-pressure is, however, little affected by ordinary (piantities. 

Narcotine resembles codeine rather than morphine, but has even less 
depressant action, especially in mammals. In the frog a short stage of 
depression is elicited, but this soon gives place to strychnine-like exaggera- 
tion of the reflex excitability. In mammals there may be but little ap- 
pearance of depression, the injection being followed by a condition of ex- 
citement immediately — restlessness and tremors with increased reflexes, 
which eventually lead to convulsions, during whicjh the animal geimi’ally 
succumbs exactly as in strychnine poisoning. Tlie pulse is considerably 
slower after narcotine injection from a direct action of the drug on the heart. 
Narcotine is a very much less poisonous body than either morphine or 
codeine, and very large quantities have been adnunistered repeatedly with 
little or no narcotic effect. It is a compound of hydrocotarnine, another 
opium alkaloid, with meconin. Hydrocotarnine apparently acts very much 
in the same way as narcotine, but produces even less depression. 

Narceine has attained a certain reputation owing to the statement of Cl. 
Bernard that it is the most powerful narcotic of all the opium alkaloids. 
There seems, however, to be no doubt that the preparation ho used was very 
impure, and that narceine itself has little or no action of any kind. It is 
exceedingly insoluble in water, and its salts are broken up in aqueous 
solution, so that it is probably absorbed very slowly and imperfectly. 

Thebaine seems to have practically no dei)ressant action. It sometimes 
produces some heaviness and confusion in man, but this is accompanied by 
symptoms exactly resembling those described under strychnine, and it may 
therefore be considered as belonging to the latter series rather than to that 
of morphine ; it is very much less active than strychnine, however. Thebaine 
seems to differ from morphine also in its effects on the bowel, for Vamossy 
finds that it increases peristalsis instead of allaying the irritability. Lauda- 
nine seems to resemble thebaine very closely in its effects. 
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The other alkaloids occur in very minute quantities in opium and possess 
no great interest from the therapeutic point of view. Very little has been 
done to elucidate their pharmacological action, but those which have been 
examined seem to produce efTccts resembling those of the better known mem- 
bers of the group. There are some exceptions to this rule, however, for in 
the effects of Cryptopine and Prbtopine some features ax)pear which seem to 
be without analogue in the action of morphine and codeine. In frogs, small 
doses produce a narcotic condition similar to that following the injection of 
morphine, but the reflex irritability does not show the same exaggeration 
afterwards ; larger quantities cause complete paralysis of the whole central 
nervous system. At the same time a very marked action appears in the 
striated muscles,' the contraction of which is altered in a i)erfectly character- 
istic manner ; if a tetanizing series of electric shocks be passed through a 
muscle poisoned with these drugs, no real tetanus, but a series of rapid con- 
tractions and relaxations is produced. . The ends of the motor nerves are also 
said to be partially paralyzed. In mammals, no depression occurs but rest- 
lessness and eventually convulsions, which do not seem to be of spinal ori- 
gin but rather suggest a stimulation of the cerebrum and midbrain. The 
heart is slow and weak, and some depression of the vaso-motor centres is 
caused by large quantities of the poisons. The respiration does not seem to 
be depressed, but rather to be accelerated, save by the largest doses. 
They i)aralyze the terminations of the sensory nerves on local application in 
the same way as will be described under cocaine. The action of these two 
alkaloids on muscle and on the heart would seem to se})arate them off 
entirely from the other opium alkaloids, although it is not impossible that 
these are merely further developments of the heart action noted after nar- 
cotine and papaverine. 

With the exception of cryptopine and protopine the alkaloids of 
opium form a series, of which morphine is one, thebaine the other 
extremity. In morphine the narcotic action is the most striking fea- 
ture, but as the successive members are taken up, this effect becomes 
less marked than the reflex stimulation, until in thebaine practically 
no def)ression can be made out, and the symptoms resemble those of 
strychnine exactly. Some of these alkaloids, however, differ in type 
somewhat from both morphine and thebaine, because the brain itself 
seems the seat of stimulation, and the convulsions partake more of 
the character of those xiroduccd by cocaine and atropine than of those 
of strychnine. Morphine itself possesses this action in the cat, so 
that these alkaloids do not in reality depart from the general type so 
completely as might at first appear. The more important members of 
the group may, therefore, be arranged in the following order, the most 
depressant standing first and the most stimulant last. 

Morphine (oxydimorphine). 

Papaverine. 

Codeine. 

Narcotinc. 

Thebaine. 

(Strychnine.) 

In man morphine is much the most dangerous of the opium alka- 
loids, because death is produced in the narcotic stage through asphyxia. 
In most animals, however^ thebaine, codeine, and laudanine are more 
toxic, because the failure of the respiration does not occur in the stage 
of depression, but during the convulsions. 
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Opium itself contains besides the alkaloids already discussed, various 
acids with which they are in combination, meconic, lactic and sul- 
phuric acid, but none of these possess any action of importance. Along 
with these are found gums, sugars, albumins, wax, and the other com- 
mon constituents of plant juices, but these merely tend to delay the 
absorption of the active constituents, and cannot be said to play any 
part in the etfects of opium. Of the alkaloids, morphine is present 
in greatest abundance, and is also the most powerful in its effects. 
The action of opium, therefore, is practically identical with that of 
morphine, except that the latter is absorbed more rapidly when pure 
than when mixed with the numerous inactive substances of the crude 
drug. Opium acts much more slowly than morphine, and seems to 
produce more marked effect on the intestine in which it remains for a 
longter time. It is also said to cause less nausea, although this is dis- 
puted. 


U. S. P. Preparations. 


Opium, the dried milky exudation obtained by incisin;? tlie unripe cap- 
sules of Papaver somnileruin, yields when moist not less than S) per cent, of 
crystallized morphine. 

Opji Pulvis, dried and powdered opium, yielding 12 j>cr cent, of crystallized 
morphine. Dose, 0.02-0.1 (t. (.l-U grs.). 

Opium Deodoratum^ opium tleprived of its odorous princijiles and of any other 
bodies soluble in ether ; sugar of milk is added to make up the weight to that 
of the original. Dose, 0.02-0.1 (>. (i~I J giu). 

Opium Gramdatum^ a (toarse powder containing 12 per cent, of morphine. 
Dose, 0.02-0.1 G. (J-U grs.). 

. Extractum Qprr, the dried aqueous extract, contains 20 per cent, of mor- 
phine. Dose, 0.015-0.00, G. (J-1 gr.). 

The following preparations contain 10 per cent, of oidum or from 1.2 to 1.25 
per cent, of morphine. 

Tinctura Opii (Jjaiulanum), Dose, 0.3-1 c.c. (5-15 mins.). 

Tinctura Opii Deodorati, Dose, 0.3-1 c.c. (5-15 mins.). 

Vinum Opiij flavored with cinnamon and cloves. Dose, 0.3-1 c.c. (5-15 
mins.). 

Acetum Opii (Black Drop) is formed by extracting opium i>owder with, 
dilute acetic acid. Dose, 0.3-1 c.c. (5-15 mins,). 

Pulvis iPKCACUANiii® kt Opii (Dover’s Powder), 10 per cent, each of 
opium and ipecac powders. Dose, 0.3-1 G. (5-15 grs.). 

Tinctura Tpecacuanhie et Opii, Dose, 0.3-1 c.c. (5-15 mins.). 

Other preparations of opium generally weaker than the I’orcgoiiig arc : 

PiLUL^c Opii, each contains 0.065 G. (1 gr.) of ojdum powder or 0.009 G. 
(J^ gr.) of morphine. 

Troclmci Glycyrrhizsc et Opii^ each contains 0.005 G. (iV gr.) of opium. 

Tinctura Opii Campiiorata (Paregoric) contains four parts of opium 
j)er thoiisaiul, along with benzoic acid, camphor, oil of anise and glycerin. 
Dose, 4-15 c.c. (1-4 fl. drs.) for an adult, 0.3-1 c.c. (5-15 drops) for a 
child. 

Mwtura Glycyrrhizie Compoaita (Brown Mixture) is formed from li<piorice, 
syrup, acacia, wine of antimony, .spirits of nitrous etlier and camphorated 
tincture of opium, and contains only about 1 part of opium in 2,000. Dose, 
15-30 C.C. (J-1 fl. oz.). 

Emplaatrum Opw, opium plaster, 6 per cent. 
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Alkaloids: 

Mobphina + HjjO), colorless crystals without odor but with a 

bitter taste, practically insoluble in water and only slightly soluble in alco- 
hol. Dose, 0.005-0.03 a (A-J gr.). 

MORPHINAfl Hydrochloridum. 

Mobphin.® Sulphas. 

Morphinse AcetoLs, 

Of these salts the hydrochlorate and sulphate are the most important, as 
the acetate tends to decompose on keeping. . The hydrochlorate and sulphate 
are soluble in about 21-24 paints of water, less so in alcohol. They form 
white, silky crystals with a bitter taste. Dose, 0.005-0.03 G. gr.). 

Pulvia MorphinsR Compositm (Tully^s Powder) is a mixture of liquorice 
powder, camphor and morphine sulphate, in which the latter is contained to 
the amount of 1 J per cent. Dose, 0.3-1 G. (5-15 grs.). 

OoDEiNA (C^gHg^NOg HpO), white or nearly transparent crystals with a 
faintly bitter taste, soluble in 80 parts of water and in 3 parts of alcohol. 
Dose, 0.015-0.12 G. (i-2 grs.). 

CODEINAS PhOSPHAS. 

CoDEiNiE Sulphas. 

These salts of codeine form white needle-shaped crystals with a bitter taste. 
The phosphate is soluble in about 2 parts of water, the sulphate in 30 parts. 
Dose, 0.03 G. ( J gr.). 

B. P. Preparations. 

Opium, the juice obtained by incision from the unripe capsules of Papaver 
somniferum, inspissated by spontaneous evaporation. When dried it con- 
tains 9J-I0.i per cent, of anhydrous morphine, and it is therefore weaker 
than the corresponding preparation of the U. S. P. Dose, 1-2 gre. 

Extra OTUM Opii contains 20 per cent, of morphine. Dose, j-1 gr. 

Extractum Opii Liquidum contains | per cent, of morphine (| gr. in 110 
mins.). Dose, 5-30 mins. 

Tinctura Opii, Laudanum, contains f per cent, of morphine, or about 1 
gr. of opium in 15 mins. Dose, 5-15 mins, for repeated administration ; 
for a single administration 20-30 mins. 

Tinctura Opii Ammoniata is formed of laudanum, benzoic acid, oil of anise 
and ammonia. It contains about J per cent, of morphine or nearly 5 grs. of 
opium in the fluid oz. Dose, J-1 fl. dr. 

Tinctura Camphoral Composita, Paregoric or Paregoric Elixir, re- 
sembles the foregoing in composition except that camphor is substituted for 
ammonia and that the laudanum is reduced so that only one part of mor- 
phine is contained in 2,000 of paregoric or \ gr. of opium in each fl. dr. 
Dose, J-1 fl. dr. 

Pulvis Opii ComposUus contains 10 per cent, of opium along with pepper, 
ginger, caraway and tragacanth. Dose, 2-10 grs. 

Pulvis Ipecacuanhas Compositus, Dover’s Powder, contain 10 per cent, 
each of opium and ipecacuanha in powder. Dose, 5-15 grs. 

Pulvis Kino Compositus contains 5 per cent, of opium along with kino 
and cinnamon. Dose, 5-20 grs. 

Pulvis Gretas Aromaticus cum Opio contains 2J per cent, of opium 
along with aromatic chalk powder. Dose, 10-40 grs. 

Pilula Plumbi cum Opio contains 12 J per cent, of opium along with lead 
acetate. Dose, 2-4 grs. 

Pilula Saponis Composita, contains 20 per cent, of opium. Dose, 2-4 grs. 

Pilula Ipecacuanhse ctm Scilla is formed from Dover’s powder and squills, 
and contains about 5 per cent, of opium. Dose, 4-8 grs. 

SupposiTOBiA Plumbi Composita, each contains 3 grs. of lead acetate 
and 1 gr. of opium, 

Linimmtum Opii per cent, ot moYphine\ 
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Emplastrum Opii (10 per cent, opium). 

Unguenium Gallm cum Opio contains 7i per cent, of opium. 

Motphinm (C^HigNOajO^H^OaSHgO), a white crystalline or amor- 

phous powder almost entirely soluble in 2J parts of water and in 100 of 
alcohol; i-i gr. 

MoBPHiNiE Hydrochloridum (C^HjjNO^HCljSH^O), acicular prisms of 
a silky lustre, soluble in 24 parts of cold water, one part of boiling water or 
60 of alcohol. Dose J-J gr. 

Morphinw Tartras ((Ci,H„N0,)jCjHg0„8H,0), a white powder consisting 
of line nodular tufts of acicular crystals, soluble in 11 parts of cold water, 
insoluble in alcohol. Dose, j-J gr. 

lAquor Morphinse- Aceiaiia^ 1 per cent., 10-60 mins. 

Liquor Morphine Hydrochloridi, 1 per cent., 10-60 mins. 

Liquor Morphinas Tartratia, 1 jier cent., 10-60 mins. 

Injectio Morphinje Hypodermica contains 1 per cent, of the tartrate. 
Dose by subcutaneous injection, 2-6 mins. 

SUPPOSITORIA MoRPHiNiE, each contains J gr. of morj)hine hydrochloride. 

Trochiscus Morphine, each contains g*** of morphine hydrochloride. 

IVochiacm Morphinse et IpecacuanhiB, each contains of moiphine hy- 

drochloride with gr. of ipecacuanha root. 

Tiitctura Chlorcformi et Morphinse Composita corresponds to the patented 
chlorodyne and contains l .per cent, of morphine hydrochloride, along with 
chloroform, pmssic acid, capsicum, cannabis indica, oil of peppermint and 
glycerin. Dose, 5-15 mins. 

CoDEiNA (C„H,^(CH<,)N 03 ,H., 0 ), colorless crystals soluble in ‘80 parts of 
water, readily soluble in alcohol and ether. Dose, 1-2 grs. 

Codeinse Phosphas ((C„H^g(CH.,)N 05 ,H 3 P 0 ^)a 8 H./)), white crystals with a 
slightly bitter taste, soluble in 4 parts of wattn*, nuich less soluble in alcohol. 
Dose, J-2 grs. 

Syrupus Codeinas, one fluid drachm contains } gr. of codeine phosphate. 
Dose, i-2 fl. drs. 

Papaveris Capsulos, the nearly ripe dried fruits of Papaver soraniferum, 
contain a small percentage of morphine, but are entirely superfluous i» 
therapeutics. 

Therapeutic Uses. — Opium is one of the most important and most 
extensively used drugs in the pharmacopoeias at the present day as in 
the past. Of late years the crude drug has been largely reidaced by 
morphine^ but the action is the same, and although morphine is pref- 
erable in most cases, opium is still specially indicated for certain pur- 
poses. In almost any disease, conditions which are favorably influenced 
by morphine may present themselves, and these conditions alone can 
be discussed here. 

Pain. — As has been repeatedly mentioned, opium or morphine has 
a special analgesic action which is not shared by its modern rivals of 
the methane series, and which justifies the celebrated dictum of Syden- 
ham that without opium few would be callous enough to practise 
therapeutics. The general statement may suffice that severe pain in- 
dicates opium. Even where the disease in itself is one which would 
in ordinary circumstances contraindicate it, it must be always taken 
into consideration whether the relief of the pain and its attendant rest- 
lessness may not counterbalance the disadvantages of the narcotic. At 
the same time the danger of inducing the craving for morphine cannot 
be forgotten, for the use of morphine to subdue pain is perhaps the 
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most fruitful cause of the habit. It is often found that comparatively 
small quantities of opium are sufficient to remove or at any rate to 
dull pain, but after repeated doses the quantity has to be increased 
owing to tolerance being attained. Some forms of pain are relieved 
by the members of the antipyrine series, but these are less certain 
and more limited in their action than morphine. On the other hand 
the antipyretics often relieve pain without inducing sleep, and in this 
possess a great advantage over opium in the treatment of headache, 
neuralgia and similar conditions. 

Sleeplessness. — Opium was formerly the only drug used to induce 
sleep, but since the discovery of chloral and its congeners it is used 
less frequently. These fail entirely to replace it, however, where the 
sleeplessness is due to pain, while, on the other hand, they are more 
efficacious in some conditions of excitement. Not infrequently opium 
and chloral are prescribed together for this purpose, and the combi- 
nation acts more efficiently than either of the drugs alone. Each is, 
of course, prescribed in considerably smaller amount than if adminis- 
tered separately. Opium is less efficient than chloral when there is 
apparently an increased activity of the motor functions of the brain, as 
in wild delirium and mania, and sometimes seems to increase the excite- 
ment even, but this general statement is subject to numerous excep- 
tions, and morphine is still largely used in many such disorders. In 
the true convulsive diseases, such as tetanus, epilepsy and chorea, 
chloral is preferable. The beneficial effect of morphine in many acute 
febrile conditions is undeniable, and, as in the case of alcohol, is due 
to its lessening the pain and discomfort of the patient and inducing 
rest. A good deal of difference of opinion exists as to the advisability 
of administering opium or morphine in these conditions, and there is 
no question that the routine treatment of fever by narcotics is to be 
deprecated ; but on the other hand, the restlessness and discomfort 
may in itself aggravate the disease, and morphine is distinctly indicated 
under these circumstances. 

The preparations chiefly used to relieve pain and promote sleep are 
the extracts, laudanum, opium pill, or compound soap pill, and the 
morphine salts and their solutions. The latter may, of course, be ad- 
ministered hypodermically. 

In Respiratory Disorders, opium and morphine are largely used for 
their effects on the centre. Where it is desirable to lessen its irrita- 
bility, as for example in excessive cough and dyspnoea, opium may 
be indicated. On the other hand, when there is a profuse expectora- 
tion, the irritability of the centre cannot be lowered without danger, 
and opium is contraindicated. Opium gives relief in cases of asthma, 
but there is always danger of inducing the habit. 

Opium is often combined with expectorants in the treatment of 
cough, and a large number of suitable preparations are provided in 
the pharmacopoeias, such as paregoric, Dover\s powder and other prepa- 
rations couta,ining ipecacuanha, liquorice mixture, the compound mor- 
phine powder, (U. S. P.), the ammoniated tincture, the compound 
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tincture of chloroform and morphine^ the pills of ipecacuanha and 
squill (B. P.)/the lozenges and the codeine preparations. Codeine is 
often preferred to morphine in these cases, because it reduces the ex- 
citability of tlie respiratory centre with less marked cerebral depression. 
This is also true of the new artificial alkaloids, heroine and dionine, 
which have enjoyed some popular reputation in late years. Imj)artial 
investigators of these drugs have generally failed to obtain better 
results from them than from codeine and morphine, and further inves- 
tigation is required before they can be recommended as superior to the 
older and unpatented alkaloids. 

In Peritonitis and Intestinal Disorders, opium is indicated doubly ^ 
first, for its general action in allaying pain and restlessness ; and secondly, 
for its special action in lessening the movement of the intestine. Opium 
is preferable to morphine for these purposes because it lies longer in 
the bowel, and therefore evolves a stronger action there than on the rest 
of the economy. In colic, especially lejid colic, it often relieves the 
pain without increasing the constipation and seems to allay the spasm 
of the bowel without stopping entirely its peristalsis. In diarrluea 
opium may be given to check the excessive peristalsis, though in the 
severer forms of dysentery it generally fails to have this effec^t, and in 
septic purging is rather to be avoided. In perforation and hemor- 
rhage from the bowel, opium is the most efficient of all remedies, as it 
allows adhesions or clots to be formed by checking movements of the 
intestine, which would provoke further leakage. 

The B. P. offers a number of preparations specially designed for 
use in intestinal disorders and especially in diarrluea, such as the com- 
pound kino powder, the compound chalk powder, the lead and opium 
pill, and the compound lead suppository and morphine suppository. 
Instead of these the tincture, extract or other simple preparation may, 
of course, be used. 

In Haemorrhage, where the bleeding point cannot be reached, opium 
or morphine is most valuable. This is not from any direct effect on 
the vessels or blood, but because it allays the restlessness which follows 
the loss of large quantities of blood and thus allows the blood to clot 
in the ruptured vessel. The same preparations are suitable here as for 
pain. 

In Vomiting morphine is sometimes used in small quantities, but it 
seems doubtful wliether with any benefit. 

An injection of 10 mg. (-J gr.) of morphine often facilitates the 
use of ether iii Anaesthesia and is a routine practice in some clinics. 
In others 0.3 mg. hyocine is added, and very small quantities of ether 
arc required afterward. 

Opium has been used instead of quinine in Malaria, and though it can- 
not be said to replace the latter, has a distinct effect in some cases appar- 
ently. Of course, symptoms may arise in malaria as in other diseases in 
which opium is specially indicated, but apart from this, cases of malaria 
of old standing seem to be benefited by opium with or without quinine. 

Opium or morphine has sometimes been used in Diabetes with good 
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effects ; for though the glycosuria seldom disappears under its use, it is 
lessened in some cases (Kaufmann). Codeine has been advised instead 
of morphine in this disorder, as it is less likely to cause constipation 
and gastric disturbance. 

Lastly, opium is used as a Diaphoretic, and for this purpose it is gen-* 
erally combined with ipecacuanha and prescribed as Dover’s powder. 
Although in itself it has little or no diaphoretic action, opium may 
augment the effects of ipecacuanha through dilating the skin vessels. 
Opium and its alkaloids have no effect applied to the skin, and the 
plasters, ointments and' othci: similar preparations are quite superfluous. 

Codeine is much less often used than morphine in therapeutics. It 
is of comparatively little value in allaying pain or excitement, but 
has been found of benefit in the sleeplessness of melancholia. It is 
used not infrequently as a sedative in cough, and, as has been stated, 
in diabetes. There seems less liability to the formation of the codeine 
habit, and it has been suggested as a substitute for morphine in mor- 
phinomania, but has not proved efficient in this condition. 

Opium and morphine are contraindicated in very young children, 
in whom even minute quantities often produce the most alarming 
symptoms of poisoning. Even one drop of laudanum is said to have 
been fatal to a child under one year of age. In great weakness, 
especially in cases where the respiration is barely sufficient to aerate, 
the blood, or where profuse expectoration is present, morphine has to 
be administered with the greatest care. In cerebral congestion and 
meningitis the opiates are generally contraindicated. It must be re- 
membered also that both opium and morphine are liable to disturb the 
digestion and to cause nausea and want of appetite, and that these may 
prevent their use in cases in which they would otherwise be suitable. 
In some persons opium invariably causes nausea and vomiting, either 
soon after its administration or while its effects are passing off. For 
this idiosyncrasy morphine may be substituted for opium, although this 
is often equally nauseating, or chloral and bromides may be prescribed 
with opium to prevent the unpleasant after-effects. Not infrequently, 
however, opium has to be avoided entirely. In all chronic painful 
diseases opium or morphine has to be given guardedly, on account of 
the risk of the formation of the opium habit ; the patient ought to be 
kept 4n ignorance of the drug used as far as possible, and it should be 
alternated with others. Of course, in cases of incurable, hopeless dis- 
ease, where life can only last a comparatively short time and is attended 
by severe suffering, this objection does not hold, and it may be neces- 
sary to administer morphine without stint and in ever-increasing 
quantity. 

Morphine and opium are often said to be contraindicated in Bright’s 
disease of the kidney. This seems to be due to the belief that mor- 
phine is excreted in the urine, which has now been shown to be erro- 
neous. There seems no reason to believe that morphine is harmful in 
these conditions, and in some forms of uraemia it has even been of 
considerable benefit. 
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.Acute Poisoning with morphine or opium is one of the commonest 
forms of intoxication, with the exception of the alcoholic. It is often 
difficult to diagnose from other forms of unconsciousness, but the ex- 
treme contraction of the pupils give a clue, as a general rule, and if 
opium has been used, the breatli often has the characteristic odor. 

The treatment is immediate evacuation of the stomach, whether the 
drug has been taken by the mouth or not, as even when injected hypo- 
dermically it is excreted into the stomach and may be reabsorbed. 
Emetics may be employed for this purpose, but often fail of effect 
owing to the depression of the medullary centres, so that where possible 
a stomach tube ought to be used in preference. The stomacli should 
be thoroughly washed out at intervals, in order to remove every 
trace of the drug as it is excreted. As the respiration begins to fail, 
it is to be encouraged by irritation of the skin, either by dashing cold 
water on it, by the electric current, or by flipping it with towels. 
The violent flagellation formerly advocated with the view of en- 
couraging the respiration, served also usually to exhaust the nervous 
energy both of patient and attendant. When these means fail to keep 
up the natural breathing, it is necessary to resort to artificial respira- 
tion, either electrical or mechanical, and this ought to bo continued as 
long as the heart continues to beat. Enormous doses of morphine and 
opium have been recovered from under this treatment. Numerous drugs 
have been advocated in acute morphine poisoning, and of these caffeine 
administered either hypodermically or in the form of strong coffee 
by the stomach seems the most satisfactory. A long controversy has 
been carried on as to whether atropine is to be considered an antidote 
to morphine and used in these cases. It is a stimulant to the medullary 
centres, and may, therefore, be used in small (juantities ; but large quan- 
tities, such as have been advised by some authorities, are undoubtedly 
harmful, as atropine itself paralyzes the respiration when given in 
sufficient amount. Bashford states that the best effects are to be ex- 
pected from about 1.5 mg. gr.) of atropine and that more than this 
increases the danger of respiratory failure. In discussing this ques- 
tion too great weight has been laid on the results of animal experi- 
ment, which is not convincing in this case, as the effects of morphine 
are so different in man. Caffeine seems certainly more indicated than 
atropine, for it is scarcely possible to paralyze the respiratory centre 
with the former, which stimulates it equally strongly. Alcoliol has 
been advised also, and as far as its local action is concerned, it may 
increase the respiration, but its direct action on the respiratory centre 
is similar to that of opium. Of late years permanganate of potash has 
been advised in case of morphine poisoning, because the poison is oxi- 
dized by it. A certain amount of poison in the stomach may be de- 
stroyed* in this way, but the portion absorbed is unaffected by the per- 
manganate, and the method is less efficacious than the prompt and 
repeated use of the stomach tube. The hypodermic injection of per- 
manganate is, of course, entirely useless. 

Ohronic Opium or Morphine Poisoning is a not infrequent condition^ 
15 
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and, unfortunately, seems to be increasing rapidly. Among Eastern 
nations, especially in China and India, opium is smoked, and some of 
the morphine is carried over in the smoke and absorbed from the res- 
piratory tract. This habit is rare in European peoples, among whom 
vhe drug is taken by the mouth, generally in the form of laudanum or 
of pills, or is injected hypodermically as morphine hydrochlorate or 
sulphate. Of the three methods the first seems to be the least harmful, 
for in some parts of China the majority of the adult population seems 
to indulge in it without the serious results which are met with in the 
Western opium-eaters and mbrphinomaniacs. This result may be due 
in part to race, or to the fact that the opium-smoker never attains to 
the immense doses taken daily in the cases of the habit met with in 
Europe and America. In the beginning the quantity used is small, 
but as tolerance is attained, ever larger quantities are required to pro- 
duce any effect, until, as De Quincy states in his Confessions of an 
English Opium-eater,^^ 320 grains of opium may be required to stay the 
craving. The effects are generally described as stimulant, but it seems 
possible that they consist rather in depression of the sensibility, bj 
which the unfortunate patient becomes unconscious of the miseries of 
his condition, and may accordingly be able to perform his duties and 
maintain appearances better than when deprived of the poison. The 
symptoms of the. opium habit are exceedingly indefinite, and the diag- 
nosis is often almost impossible. The statements of the patient ought 
not to be taken into consideration, because these unfortunates seem to 
have lost all idea of honor and truthfulness. As a general rule they 
are nervous, weak in character and wanting in energy, and utterly 
unfit for work unless when supplied with the drug. The pupils arc 
often contracted, the heart sometimes irregular, and tremors and un- 
steadiness in walking may be apparent. The appetite is bad and a 
considerable loss in weight occurs, and the movements of the bowels 
are irregular, constipation alternating with diarrhoea. Eventually 
melancholia and dementia may follow the prolonged use of opium, 
and especially of morphine. Some continue the habit for many years, 
however, and it would seem with comparative immunity. If mor- 
phine is injected habitually, evidence may be obtained from the small 
needle marks on the front of the body, which often give rise to mul- 
tiple abscesses of small size from carelessness in the disinfection of the 
syringe. When other evidence fails, it may be necessary to give a 
moderate dose disguised in some unusual way and to observe if it in- 
duces sleep ; in habitual users the ordinary dose will have little or no 
effect. 

The tr^tment of chronic morphine poisoning is not very promising. 
The will and self-control would seem completely paralyzed in many 
cases, and althougli the patient wishes to be freed from his enemy, he 
seems utterly unable to withstand the craving. The only means of 
treatment which promises {success in most cases is the strict regime of 
an asylum or retr^t, where the patient is kept under constant super- 
vision. The immediate removal of the drug often produces such in- 
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tense misery and depression as to seem actually dangerous ; but the 
withdrawal ought not to be too gradual, and ought to be complete after 
two or three weeks at the most. The patient has to be watched care- 
fully for long after he has apparently recovei'ed, as relapses are ex- 
ceedingly common. 

The morphine habit has often been combated by the^ substitution of 
other drugs, shch as cocaine, but the result generally has been that a 
new and even more dangerous habit has been substituted for, or often 
merely grafted on, the original. Numerous drugs have been proposed 
for the cure of morphinoinania, but none of them seems to have the 
slightest effect. 
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Minor Drugs of the Opium Series. 

In some other members of the poppy family (Papaveracem), alkaloids are 
found which bear a close resemblance to those of opium. There are Cheli- 
donme, and y-Homochelidonine, Chelerythrine and Sanguinarine ; Protopine 
is also found in a number of other papavcracem. These alkaloids are met 
with in very small quantities in various plants, of which Sanguinaria Cana- 
densis (Bloodroot) and Chelidonium majus (Celandine) are tlie best known. 

Chelidonixie and a-komochelidonine rei^emble morphine in their effects on the 
central nervous sy.stem, but have even less stimulant effect. In the frog no 
secondary increase in the reflex irritability is produced, but in some mam- 
mals a slight stimulation of the spinal cord may be caused. They have the 
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same effect as protopine and cryptopine on the muscles and heart, and like 
them produce insensibility of the skin and cornea when applied locally 
through paralyzing the terminations of the sensory nerves. The heart is 
slowed, partly owing to stimulation of the inhibitory centres in the medulla, 
and partly through direct action on the cardiac muscle. 

Sanguinarine has very little depressant action, but causes tetanus and wild 
excitement, so that as fhr as its action on the central nervous system is con- 
cerned, it deserves a place between codeine and thebaine of the morphine 
series. It possesses the same muscular action as protopine, however, and 
the heart is slowed through direct affection of the muscle. Sanguinarine 
paralyzes the peripheral sensoiy endings when applied locally, but this 
paralysis is preceded by a stage of irritation. It causes violent peristalsis of 
the bowel, and increases the secretion of saliva. 

P-homochelidonine resembles protopine and cryptopine closely in its effects, 
causing the same stimulation of the lower parts of the brain with very slight 
effects on the intellectual powers, slowing the heart through its muscular 
action and paralyzing the sensory terminations. 

Chelerythrine paralyzes the central nervous system without any prelimi- 
nary increase in the reflex irritability, possesses the muscular action of pro- 
topine and cryptopine, and first irritates and then paralyzes the sensory 
terminations. 

None of these alkaloids have been used in therapeutics, and there would 
seem to be no indication for them that is not as well met by opium or 
morphine. None of the plants containing them have been used to any great 
extent, although Sanguioaria Canadensis was formerly occasionally pre- 
scribed as a nauseating expectorant and emetic. The ‘^sanguinarine^’ of 
commerce is generally a mixture of the alkaloids with other constituents, 
and, like the other preparations of the plant, might well be dispensed with. 

U. S. P. Preparations. 

Sanguinaria, the rhizome of Sanguinaria Canadensis, bloodroot, collected 
in autumn. 

Timtura Sanguinaria^, 1-2 c.c. (1.5—30 mins.). 

Flmdexivactnm Sanguinaria, 0.1— 0.. 5 c.c. (2-8 mins.). 
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IV. HYDRASTINE AND HYDRASTININE. 

Another alkaloid which is closely related to those of opium chem- 
ically and pharmacologically, is IlydrcLsiinCy which occurs in the 
Hydrastis Canadensis (Golden Seal) along with Bcvhcnne and Ca7ia- 
dine, 

Hydrastine (CjjjJIjjNOj, when exposed to oxidizing agents such as potassium 
permanganate, is decomposed into opianic acid and Hydrasfinine (OjjHjjNOj), 
another alkaloid. Narcotiue (CjJJjjNO.), the opium alkaloid, undergoes a simi- 
lar decomposition into opianic acid and botarnine Hydrastine and 

narcotine differ only in a hydrogen atom of the former being substituteil by 
— OCHg ill the latter, and a similar relation exists between hydrastinine and 
cotarnine. All four are derivatives of iso(|uinoline. The action of hydrastis is 
similar to that of hydrastine, the berberineand eanadine having little effect ; the 
latter is as poisonous as hydrastine, but is present only in very small quantities 
in the plant. 

Action. — Hydrastine causes in frogs an increase in the reflex irritji- 
bility and eventually tetanus exactly resembling that jiroduced by 
strychnine, and like it terminating finally in paralysis. Unlike strych- 
nine, however, it weakens and eventually paralyzes the muscles in 
the same way as the alkaloids of sanguinaria. The heart is rendered 
slow and weak, partly by the central stimulation of the inhibitory ap- 
paratus and partly by direct action on the muscle fibres. 

In mammals, the pulse is slowed by comj)aratively small quantities, 
while somewhat larger doses cause general feebleness, tremor, dyspnoea, 
and inco(’)rdination in the movements. Very large quantities elicit 
clonic and then tonic convulsions and tetanus, during which the respira- 
tion ceases. The pulse is slowed at first fx’om stimulation of the vagus 
centre, is afterwards quickened from its paralysis, and still later be- 
comes slow again from direct action on the cardiac muscle. The 
blood-pressure rises from constriction of the arterioles but after- 
wards falls, partly from their dilatation and partly from the weakness 
of the heart ; the constriction of the arterioles is due to stimulation of 
the vaso-motor centre in the medulla. Several authors have asserted 
that the injection of hydrastine solution is followed by rhythmic con- 
tractions of the uterus similar to those observed during labor, but this 
has been denied by others, and cannot be said to have been satisfac- 
torily established either by experiment or by clinical experienct^ 
Another statement which is fre<iuently met, is that hydrastis and 
hydrastine increase the secretion of the bile, but this is founded upon 
very imperfect experiments and is in all probability erroneous. Ily- 
drastine has no local anaesthetic action. 

Hydrastine then stimulates first the centres of the medulla oblongata, 
and produces slowing of the pulse, an increased arterial tension and 
accelerated respiration. Larger quantities stimulate further the spinal 
cord and eventually paralyze both medulla and cord. In addition 
to this central action, hydrastine weakens and paralyzes muscle, this 
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being confined to the heart in warm-blooded animals^ but extending 
to the ordinary striated muscle of the frog. 

These effects would appear to give hydrastine a position near that of 
thebaine^ though it differs from most of the opium alkaloids in 
seeming to act more strongly on the medulla than elsewhere in the 
central nervous system. Its action on the heart and muscle is analo- 
gous to that of several of the opium alkaloids. Hydrastine is excreted 
as such in the urine^ and does not form hydrastinine in the organism 
as might have been surmised from its behavior towards oxidizing sub- 
stances. When it is administered for some time, a cumulative action 
is said to be developed. 

Oanadine in small quantities produces depression and drowsiness followed 
by complete recovery without further symptoms. In larger quantities v. 
Bunge found that it caused a short stage of excitement, which was followed 
by depression and paralysis of the central nervous system. It has little or 
no effects on the mammalian circulation when administered in ordinary 
doses, but very large quantities cause weakness and arhythmia of the heart. 
Its injection is followed by violent peristalsis of the intestine and diarrhoea. 
Oanadine is present in only very small quantity in the Golden Beal and has 
apparently little importance in therapeutics. 

Hydrastinine, an artificial alkaloid formed from hydrastine, has of 
late years attacted a certain amount of attention from its alleged power 
of arresting hemorrhage. It seems to differ from hydrastine in caus- 
ing no marked disturbance of the centres of motion and feeling save 
ill enormous doses, which paralyze the nervous system, and, in the frog, 
the terminations of the motor nerves in muscle (Santesson). On the 
other hand, its action on the medulla oblongata resembles that of the 
parent substance. The heart is slowed somewhat by small doses, ap- 
parently from stimulation of the vagus centre, and the arterial tension 
rises further than after hydrastine. Unlike the latter, however, hy- 
drastinine causes a very prolonged augmentation of the blood-pressure, 
because it does not tend to depress the heart to the same extent as hy- 
drastine. In fact, several authors believe that it increases the effi- 
ciency of the heart movements from action on the muscle, although the 
pulse may be somewhat slowed by stimulation of the inhibitory centre. 
After very large quantities, the pulse is often extremely rapid from 
paralysis of the inhibitory centre. 

The cause of the increased arterial tension is still undecided. There 
seems to be undoubted stimulation of the vaso-motor centre, but ac- 
cording to some writers, the peripheral vessels are contracted by direct 
action on the walls as well. This statement seems open to question, 
however, none of the experiments on which it is founded being alto- 
gether satisfactory ; thus, while Falk found well marked contraction 
of the abdominal, and especially of the renal vessels, v. Bunge denies 
that the renal vessels are constricted. It has been repeatedly stated 
that hydrastinine produces rhythmical contraction of the uterus, and 
even abortion in animals, but this does not seem to be correct. It ap- 
pears to have no direct action on the muscle of this organ, but its ves- 
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sels undergo constriction like those of the rest of the body, and this 
may stop haemorrhage and at the same time cause asphyxia of the 
foetus and abortion. It must be stated, however, that several writers 
on hydrastinine hold that it causes contraction of the uterus through 
action on the muscle, and the question deserves further investigation. 

Archangelsky states that a 10 per cent, solution of hydrastinine ap- 
plied locally causes dilatation of the pupil, which reaches its maximum 
in 2-3 hours, and lasts for 12-15 hours. 

Preparations. 

Hydrastis (U. S. P.), Hydrastis Rhizoma (B. P.), the rhizome and roots 
of Hydrastis Canadensis, Golden Seal. 

FluidextraeJum Hydrastis (U. S. P.), 1-4 c.c. (15-60 mins,). 

Extrauctum Hydrastis Liquidum (B. P.), 5-1 5 mins. 

Glycerittim Hydrastis (U, S. P.), 1-4 e.e. (15-60 inina.), 

Tinctura Hydrastis (U. S. P., B. P.), 1-4 c.c. (15-60 mins.). 

Hydrastina (IJ. S. P.), white bitter crystals almost insoluble in water. 

Hydrastininm Hydroehlorklum (U. S. P.), 0.03-0.1 G. (J-2 grs.), given in 
solution hypodermically or by the mouth, or in pills or tablets. 

Therapeutic Uses. — Hydrastis has been used as a stomachic bitter 
and the large quantity of berberine contained in it would seem to give 
it a place along with the simple bitters. It has also been credited with 
some obscure action on the mucous membranes when locally applied, 
through which it is said to benefit many forms of catarrhal inflamma- 
tion. For this purpose the glycerite may be used. Besides various 
conditions in which its use was attended by doubtful success, it has 
been used in hajmorrhage from the uterus; but for this purpose, 
hydrastinine ought to be preferred, as it causes a much greater con- 
striction of the peripheral vessels than liydrastine, and acts less on 
the heart. The conditions in which it is indicated seem to be moder- 
ate haemorrhage, for which no contraction of the uterine walls is re- 
quired ; for example, liydrastinine is of value in excessive menstrual 
flow, while in post-partum haemorrhage it seems to have little effect, 
because here the haemorrhage is to be met rather by inducing contrac- 
tion of the uterine walls by the use of ergot than by constricting the 
vessels. There seems no reason why hydrastinine should not be used 
in other forms of haemorrhage, for it does not act more on the uterine 
vessels than on otliers throughout the body. 

Hydrastinine has been found to lessen somewhat the irritability of 
the motor areas of the brain, and its use has, therefore, been suggested 
in epilepsy. 

Cotarnine has been introduced under the name of Stypticine as a substitute 
for hydrastinine in uterine haemorrhage. Dose, 0.02-0.03 G. (J-J gr.). It 
resembles hydrastinine in its general action and has received some recom- 
mendation at the hands of gynecologists. 
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V. CANNABIS INDIOA. 

The hemp plant possesses no pharmacological interest when grown 
in temperate regions, but when cultivated in warm climates as in 
India, Egypt or the southern United States, it develops products which 
induce marked derangements of the central nervous system. The 
Indian plant was formerly supposed to be a distinct species, but differs 
so little from the European form that botanists now consider them 
r'srely varieties. The old name of Cannabis Indica has, however, 
been retained in medicine. Its introduction into Western medicine 
dates only from the beginning of last century, but it has been used as 
an intoxicant in Asiatic countries and in Africa since unknown time, 
and under the names of Hashish^ Bhangs Ganja^ Charas or Gliurrus^ 
is habitually indulged in by some one or two hundred millions of 
mankind. Some of the preparations are smoked either alone or mixed 
with tobacco ; others form an intoxicating drink, while in others it is 
mixed with sugar or honey and taken as a confection. 

The active principle of Indian hemp has been found by Wood, Spivey and 
Easterfield to be a red oil or resin boiling at a high temperature, which they 
term Cannabinol ; this was found by Marshall to induce the typical effects of 
cannabis indica in man and animals. Frankel states that cannabinol is a phe- 
nolaldchyde of the formula OH* CgoHggCOH. 

Symptoms. — The effects of cannabis indica are chiefly due to the 
changes in the central nervous system, in which it induces a mixture 
of depression and stimulation similar to that seen occasionally under 
morphine. Its action is much less constant, however, and seems to 
depend very largely on the disposition and intellectual activity of the 
individual. The preparations used also vary considerably in strength, 
and the activity of even the crude drug seems to depend very largely 
on the climate and season in which it is grown, so that great discrep- 
ancies occur in. the accounts of its effects. Soon after its administra- 
tion, the patient passes into a dreamy, semiconscious state, in which the 
judgment seems to be lost, while the imagination is untrammeled by 
its usual restraints. The dreams assume the vividness of visions, are 
of boundless extravagance, and, of course, vary with the character and 
pursuits of the individual. In the eastern races they seem generally 
to partake of an amorous nature. The true believer sees the gardens 
of paradise and finds himself surrounded by troops of houris of un- 
speakable beauty, while the less imaginative European finds himself un- 
accountably happy and feels constrained to active movement, often of a 
purposeless and even absurd character. Ideas flash through the mind 
without apparent continuity, and all measurement of time and space 
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is lost True halluciuations may appear, but are often absent, the 
chief features of the action being merriment, comfort, well-being and 
self-satisfaction. Often less pleasant thoughts obtrude themselves, 
however, such as the fear of impending death or of some imminent in- 
definite danger. During this period, the consciousness is not entirely 
lost, for the patient often feels that his dreams are unreal, his satisfaction 
unfounded and his movements ridiculous, but he cannot restrain them ; 
he can give a coherent account of his condition when aroused and 
answer questions intelligently. The sensation of pain is lessened or 
entirely absent, and the sense of touch is less acute than normally. 
Later the dreams alternate with periods of complete unconsciousness, 
from which the patient can be aix)used easily, and the symptoms 
eventually pass into tranquil sleep, from which he awakes refreshed, 
and, as a rule, without any feeling of depression or nausea. In the 
majority of cases the preliminary stage of exaltation is very short or 
entirely absent in Euroi^ans, the first effects of the drug often being 
heaviness, drowsiness, noises in the ears and numbness of the extrem- 
ities, which pass into deep sleep. According to Dixon the drug is 
much more exhilarating when inhaled than when swallowed, and this 
may account for some of the variations in its action. In some vjjises, 
acute mania and convulsive attacks have been developed, and among 
the natives of India catalepsy occasionally occurs. 

In animals, the effects of cannabis indica seem to resemble those in 
man and present the same marked variations ; a stage of exaltation with 
increased movement is sometimes present and is followed by depres- 
sion, lassitude and sleep. The reflex excitability is first increased and 
then diminished in frogs. Vomiting is often induced in dogs and cats, 
but cannabis indica differs from opium in producing no disturbance of 
the digestion and no constipation. The heart is geiicr{illy accelerated 
in man, when the drug is inhaled ; the intravenous injection in animals 
slows the pulse partly through inhibitory stimulation and partly 
through direct action on the heart muscle. This action on the heart is 
stated by Dixon to be the cause of death after poisonous quantities, for 
he found the respiration persist for some seconds after standstill of the 
heart. The pupil is generally somewhat dilated. Polyuria is stated 
U) occur in dogs in wliicli cannabiiiol appears to be excreted by the 
kidneys in combination with glycuronic acid (Fraukel). 

Death from acute poisoning is extremely rare, and recovery has oc- 
curred after enormous doses. The continued abuse of hashish in the 
East sometimes leads to mania and dementia, but docs not cause the 
same disturbance of nutrition as opium, and the habitual use of small 
(juantities, which is almost universal in some Eastern peoples, does not 
seem detrimental to them, although among Europeans it might possil)ly 
i)e as fatal as that of morphine. Some toJerancje is rapidly acquired. 
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PREPAKATIONS. 

Cannabis Indioa (U. S. P.. B. P.), Indian hemp, the flowering tops of the 
female plant of Cannabis sativa (hemp), grown in the East Indies. 

Extractum Cammbu Indices (U. S. P., B. P.), 0.02-0.06 G. (J-l gr.). 

Muidextractum Cannahw Indim (U. S. P.), 0.1-0. 3 c.c. (2-5 mins.). 

Tinctura. Cannabis Inmcas (U. S. P., B. P.), 1-2 c.c. (15-30 mins.). 

The preparations vary extremely in strength and many are entirely inert, 
especially when they have been kept some time. The unofficial prepara- 
tions, such as “ cannabin tannate,’* cannabinon, etc., seem to be no more 
reliable than the pharmacopoeial ones, and offer no advantages at all com- ‘ 
mensurate with their price. 

Therapeutic Uses. — Cannabis indica is used as a hypnotic in cases of 
sleeplessness from nervous exhaustion and, less often, from pain. It is 
not nearly so reliable as opium, and in fact produces sleep in only about 
60 per cent, of the cases, according to some authors. On the other hand, 
it does not disturb the digestion and produces no subsequent nausea 
and depression, and may therefore be employed in some cases in which 
opium is contraindicated. It is of use in some cases of migraine, and 
has been prescribed as a substitute for opium in mental diseases. 

Lactucarium (U. S. P.), the dried juice of Lactuca virosa, the common 
lettuce, is reputed to have some hypnotic properties. It contains neutral 
bitter substances, lactucin and lactucon, and it has been stated recently that 
traces of hyoscyamine and atropine are also present. In any ease its action 
is so feeble that half an ounce has been administered to a dog without effect, 
and it seems quite unnecessary to include it in the pharmacopoeia. 

U. S. P. — Tinctiira T^tucariL 

Syrupvs Lactucarii, 
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VI. APOMOBPHINE. 

When morphine is acted on by acids and by some other dehydrat- 
ing agents, it loses a molecule of water, and a new alkaloid is formed, 
Aponwrphine (C,jH,yNOj). 

Through this change the action of the original alkaloid is consider- 
ably modified; apomorphine preserves the stimulant, but loses to a 
great degree the depressant action of morphine on the central nervous 
system. This stimulant action extends over the whole central nervous 
system in animals, but is most developed in the “ vomiting centre ” of 
the medulla oblongata. 

Symptoms. — In man, apomorphine in doses of 5-10 mg. gr.) 
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Fig. 19 . 


induces within 10-15 minutes nausea and vomitings accompanied by 
the usual attendant phenomena, but with no symptoms which cannot 
be directly included in these. Very often the nausea passes off imme- 
diately after the evacuation of the stomach, but when larger quantities 
have been administered, related vomiting and retching may occur. 
Occasionally depression and sleep follow the 
emesis after even small doses. 

The attendant symptoms are profuse saliva- 
tion, increased secretion of the mucous glands 
of the nose, throat and bronchial passages, 
tears and a cold perspiration. A feeling of 
depression and muscular weakness and accel- 
eration of the pulse arc also well-known 
sytnptoms accompanying nausea and vomit- 
ing, and are present after apomorphine. 

These are all to be regarded as sequclaj of the 
emetic action, however, and not as due to 
the direct action of the drug on the glands 
and other organs. In a few instances the 
depression and weakness have passed into 
alarming collapse, but no actual fatality is 
recorded from the use of ajK)morphine. 

Very small doses of apomorphine may 
in<luce the secondary symptoms without actual 
vomiting. Thus the saliva, perspiration, 
tears and other secretions may be augmented 
by quantities which are too small to act as 
emetics, though there 
these are due to tlie 
action. 

In doffS and cats, 


IS no question that 
commencing emetic 
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. , . Hpiredin caoh 2!/^ iniriH. iM ineiiHo 

doffS and cats, small quantities elicit ured along tbo perpcudicularj tlio 
, ® /*. . 1^1 1 time along tlie horixontal lino. 

the same eirects as m man, but larger closes At iirst about coo c.c. reprewents 
are followed bv symptoms of general nervous 
stimulation, 'in the herbivora, which are “ 7 ! ^ 

incai)able of vomiting, these symptoms follow 

the injection of comjmratively small quantities and are much more 
marktil. The rabbit, for example, iTccomes ixsstless and easily alarmed ; 
it moves about, climbs up the walls of its cage and gnaws anything it 
can reach. Circus movements arc developed very often, especially in 
the dog, tlie animal running un<»a.singly in a circle and striking against 
obstacles in its path, apiiarently unconscious of all its surroundings 
and overcome by the impulse to continual movement. The respiration 
is very much accelerated (Fig. 19), After very large quantities the 
movements become less coordinated, and eventually tetanic convul- 
sions set in, during which the respiration ceases, while tlie heart con- 
tinues to beat for some time afterward. 

Apomorphine induces vomiting through changes in the medulla ob- 



236 ORGANIC DRUGS ACTING AFTER ABSORPTION. 

longata and not by irritation of the stomach. This is shown, by the 
fact that it acts much more, quickly and in smaller doses, when it is 
injected hypodermically than when it is swallowed, and also by the fact 
that if the medulla be brushed with apomorphine solution, vomiting 
follows immediately. It is even disputed whether apomorphine has 
any effect on the gastric movements at all, for Batelli states that the 
stomach remains quite passive during vomiting, while Schiitz found it 
undergoing antiperistaltic movemente towards the cardiac orifice. In 
any case the movements of the stomach play an unimportant part in 
the evacuation of its contents by apomorphine, and all the phenomena 
in man are to be ascribed to medullary action. 

Apomorphine is said to have some ansesthetic effects on the cornea 
when a solution is dropped upon it. It causes cloudiness and conse- 
quent dimness of sight, however, and has not been used practically 
for this purpose. Apomorphine is not excreted into the stomach 
like morphine, nor has it been found in the mucous membranes of 
the air passages, and it is possible that it is decomposed in the 
tissues. 

The symptoms induced by apomorphine resemble in some degree 
those following morphine in many animals, for here too the first symp- 
tom is vomiting accompanied by signs of excitement, which are, how- 
ever, generally attended by those of depression of some parts of the 
central nervous system. The similarity between the effects of apomor- 
phine and of morphine on the cat, for example, is particularly striking. 
In man, however, the effects are very different, for apomorphine seems 
to have lost all the depressant action of the parent body, although here 
again it must be remembered that morphine occasionally causes vomit- 
ing, so that apomorphine does not depart so far from the type of the 
opium alkaloids as w'ould at first sight appear. 

In the frog, apomorphine causes a transient stimulation of the central nervous 
system, followed by depression and paralysis. Larger quantities weaken and 
paralyze the muscles and the heart through direct action on the fibres. The 
muscular action may also be demonstrated on excised muscles, in which the 
elasticity is lessened, and the contractions become weaker and eventually cease 
entirely. This weakening in the contraction of the muscles has not been 
observed in mammals, and is quite distinct from the feeling of weakness accom- 
I)anyjng nausea in man, for the latter is certainly of cerebral origin. No emesis 
is indiKied in frogs, although these animals are not, like the herbivora, incapable 
of vomiting. 

Apocodeine is formed from codeine in the same way as apomorphine from 
morphine, but it differs entirely from apomorphine in its action and resembles 
nicotine in i)aralyzing the sympathetic ganglia. It causes purgation when 
injected hypodermically, apparently from removing the normal inhibition of the 
bowel movements (Dixon). If codeine be heated with hydrochloric acid (B. P.), 
apomorphine is formed, and not apocodeine. 

Preparations. 

ApoMORPHiNiE Hydrochloridum (U. S. P., B. P.), 3-6 mg. ?**•)• 

Injrctio APoikiORPHiNv® HypoDERMiCA (B. P,), 1 per cent., 6-10 mins. 
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Apomorphine hydrochlorate is a grayish-white crystalline substance, very 
soluble in water and turning dark green or even black, especially when kept 
long in solution. This change in color does not app.ear to Impair its activity 
appreciably. The doses given above are those for hypodermic use to induce 
vomiting. The same quantity may be given by the mouth as an expectorant. 

Therapeutic Uses.-^ — Apomorphine is used chiefly as an emetic, and 
for some purposes presents several advantages over the older drugs 
employed with this object, inasmuch as it acts more pnnnptly and can 
be administered by tlie hypodermic needle, while the other emetics 
have to be given by the mouth, which is a serious •drawback in cases 
of poisoning. The more important of these older drugs are ipecacu- 
anha, tartar emetic (antimony), ammonium carbonate, the sulpliates of 
copper and zinc and alum. 

Vomiting is not now such an important method of treatment as it 
was formerly, and the emetics are less frequently emi>loyed to evacuate 
the stomach than other less heroic measures such as the passage of the 
stomach tube. Emesis may be indicated in poisoning, and here apo- 
morphine is especially useful. But in the great majority of cases a 
better method of treatment is repeated washing of the stomach by 
means of the stomach tube, for in narcotic poisoning apomorphiac not 
infrequently fails to act owing to the depression of the vomiting centre, 
and in corrosive poisoning a certain amount of danger attends its use, 
as the pressure on the walls of the stomach c.xerted by the contraction 
of the diaphragm and abdominal muscles may lead to the rupture of 
the weakened walls of the organ. In irritant poisoning, on the other 
hand, the reflex vomiting set up is generally sufficient to empty the 
stomach, and the indications are rather to allay the gastric irritation 
tlian to increase it by causing violent movements of the abdominal 
walls by apomorphine. Emetics, such as apomorphine, have been used 
occasionally to cause pressure on other abdominal organs, e. //., on the 
gall-bladder in order to dislodge a calculus or plug of mucus in the 
ductus choledochus, but this treatment is not to be advised, owing to 
the risk of rupture of the gall-bladder. Occasionally emetics arc used, 
especially in children, to expel bodies from the air j)assages, as violent 
movements of expiration are produced during emesis. A]>omor})hine 
is comparatively rarely used for this purpose*, however. In «ises of 
choking due to foreign bodies lying in the ipharynx, vomiting is often 
beneficial, but the emetics act too slowly to be of benefit here. 

Occasionally vomiting is still induced as a preliminary to treatment 
of Various conditions not related to the alimentary canal ; thus before 
commencing the treatment of malaria with quinine, the stomach is 
sometimes emptied by an emetic, while the bowel is evacuated by a purge. 

A second use of emetics is in inflammatory conditions of the res- 
piratory passages ; the object here is to induce an increased secretion 
without producing emesis, and very small quantities are therefore 
used. The specig,! condition in which this class of remedies is of ser- 
vice is bronchial irritation with a sticky raucous secretion which causes 
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cough^ but can only be expectorated with difficulty. The indications 
are for a mild and prolonged action such as can be induced by small 
doses of ipecacuanha, antimony and similar bodies, rather than for the 
more transient effects of apomorphine, but the latter has been advised 
l)y some authorities.^ 

Emesis is contraindicated in all conditions in which a sudden rise of 
blood-pressure may be dangerous, as in atheroma, fatty heart or aneu- 
rism, and where there is any danger of rupture of the abdominal walls 
or organs as in hernia, advanced pregnancy (especially if there be any 
tendency to abortion) gastric ulcer, and generally in impacted gall- 
stone. 
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VII. PRUSSIC ACID. 

, Prussic or hydrocyanic acid differs entirely from the other acids in 
its pharmacological action, and has therefore to be described apart, 
from them. 

The pure acid is scarcely ever seen save in the chemical laboratory, 
and is an extremely dangerous body to handle, as it is very volatile 
and its fumes when inhaled may produce death within a few seconds. 
It is generally met with in a very dilute solution, which is formed by 
the decomposition of one of its salts. 

In nature, prussic acid occurs in the secretion of some of the myria- 
poda, and in the decomposition products of a few glucosides, of which 
Amygdalin is the best known. Amygdalin is in itself practically in- 
active, but may be decomposed by dilute acids or by a ferment, emul- 
sin, which is generally found associated with it in plants. The prod- 
ucts of its decomposition are prussic acid, benzaldehyde and glucose 
(see p. 68). 

Both amygdalin and emiilsiti occur in the bitter almond and in the 
kernels of a number of fruits, such as the apple, cherry, prune, plum 
and apricot. In smaller quantities they have been found in the bark 
and leaves of several of these trees and in the laurel (Prunus lauro- 
cerasus). In the sweet almond emulsin occurs, but no amygdalin. 
When bitter almonds are rubbed into a paste with water, prussic acid 
is formed by the action of the ferment on amygdalin, and very large 
quantities of such a paste may give rise to unpleasant symptoms, 
especially in children. A more dangerous substance is the oil of bitter 

* Apomorphine is occasionally mentioned as a hypnotic, but the preliminary vomit- 
ing would certainly prevent its use fur this purpose unless in quite exceptional condi- 
tions. 
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almonds, which consists of benzaldehyde and prussic acid in a loose 
combination and in very varying proportions. Several liqueiu^ are 
distilled from kernels and fruits containing amygdalin, and therefore 
possess a variable percentage of prussic acid. The best known of these 
are Kirschwasser and Maraschino. Laurel water and the preparations 
of Virginian cherry bark contain benzaldehyde and prussic acid, 
although these are in too small quantity to have any poisonous action. 

Prussic acid and its salts have practically the same action, although 
none of the latter are so poisonous as the free acid. Cyanogen, (CN),, 
also resembles prussic acid in its effects, but is not so active. 

The ferrocyanides and other double cyanides are in most cases harmless 
but other compounds, from which prussic acid is formed in the organism, 
are poisonous. "The organic combinations containing the — CN radicle 
form two series, the JSitriles, in which the nitrogen is tri valent {e, 

CH, — C » N), and the iBonilrike^ or Carbylaminea^ in which the alkyl. is at- 
tached to the nitrogen (e, g. , CHj, — N ^ C). These compounds are all much 
. less poisonous than prussic acid, and the nitriles are said to diifcr from it in 
their effects, inasmuch as, the chief symptoms caused by them arise from 
gastro-intestinal irritation. The isouitriles are more poisonous than the 
nitriles and resemble the acid more closely in their action. Both nitriles 
and isonitriles give rise to the foimation of prussic acid in the tissues. 

Symptoms and Action. — Prussic acid first stimulates and then para- 
lyzes the central nervous system in mammals, but it acts on so many 
forms of living matter that it merits the designation of a general proto- 
plasm poison. The fatal dose in man is believed to be about 0.05-0.08 
G. (1-1 1 gr.)of the pure acid, certainly a much larger quantity than is 
fatal in cases of poisoning with some of the alkaloids and glucosides. 
Prussic acid acts much more rapidly than these, however, and has thus 
gained its reputation of being the most dangerous of poisons. 

After very large doses in mammals, there may be practically no 
symptoms ; the animal falls to the ground with a slight convulsive 
movement or a scream, and death follows in a few seconds from simul- 
taneous arrest of the heart and respiration. 

In smaller quantities, prussic acid has a bitter, acrid, burning taste, 
which is accompanied by salivation, and is followed by numbness in the 
mouth and throat. A sensation of warmth in the stomach is followed 
by nausea and vomiting, confusion and headache, dyspnoea, slow pulse, 
and general muscular weakness. The pupils are widely dilated and 
the eyeballs protrude, as generally occurs in asphyxia. Unconscious- 
ness follows, and then violent convulsions, which pass into paralysis 
with involuntary evacuation of the contents of the bladder and bowel, 
the respiration becomes extremely slow and eventually ceases, while 
the heart continues to beat for some time afterwards. 

In frogs, no convulsions occur, the symptoms pointing to a paralysis 
of the central nervous system without preliminary stimulation, except 
in that the respiration is somewhat quick and dyspnceic. 

In mammals, the Central Nervous System is first stimulated and then 
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paralyzed, but the action seems to be developed more fully in the 
tnftdnlla oblongata and lower parts of the brain than in the cerebral 
cortex, for the convulsions resemble those produced by stimulation of 
the hind-brain, although the subsequent paralysis seems to include all 
parts of the central axis. 

The peripheral Nerves and the Muscles are weakened and eventually 
paralyzed when suspended in an atmosphere of the gas, but unless 

Fig. 20. 


/ 



racing of the movements of the diaphragm (respiration) of the rabbit under a largo but not fatal 
3 of cyanide of potash injected intravenously. A-B, normal respiration. At 1 mg. in.{cctcd ; the 
)iratory movements are much larger. At (7 recovery. Note the' short duration of the stimulation. 


very large quantities are injected, they are not much affected in the 
living animal. When prussic acid in solution is applied locally to the 
Skin, it produces a numbness and partial loss of sensation, but this 
does not follow in general poisoning. The aiiiesthetic action is well 
seen on brushing the leg of a frog with a weak solution, for no reflex 
can be elicited from subsequent irritation of the limb, although it is 
moved on irritation of other parts of the body, which shows that the 
motor nerves and the spinal cord are still intact. 

The Respiration is rendered quicker and deeper by the injection or 
inhalation of small quantities of prussic acid. During the convulsions 
it is, of course, irregular, and afterwards generally becomes extremely 
slow and deep and then ceases. After very large quantities it may 
cease within a few seconds. These changes are produced by primary 
stimulation and subsequent paralysis of the medullary centre. 

The Circulation is altered mainly through the action on the central 
nervous system, although prus.sic acid also acts directly on the heart. 
The stimulation of the inhibitory centre generally slows the pulse, 
but this is accompiinicd by a very considerable rise in blood-pressure 
from increased activity of the vaso-coustrictor centres* This central 
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stimulation later passes into paralysis and the blood-pressure foils, from 
the depression of the vaso-motor centres, but the heart does not gen- 
erally regain its normal rhythm, because although the inhibitory stimu- 
lation has passed oflF, the cardiac muscle is now directly affected, and 
its movements therefore remain somewhat slow. During the con- 
vulsions the arterial pressure rises again, but afterwards the progres- 
sive weakening of the heart leads to a slow and imperfect circulation. 
In the frog’s heart, prussic acid causes slowing and standstill long be- 
fore the peripheral nerves and muscles are affected. 

If very large quantities be injected intravenously, or inhaled, the 
heart may cease contracting for a few seconds, and then recommence a 
slow and feeble beat, which is very soon arrested again. This is prob- 
ably due to primary action on the inhibitory centre, followed by direct 
paralysis of the heart. 

Batelli has shown that prussic acid injected hypodermically lessens 
the movements of the stomach. The temperatui'e remains constant or 
rises somewhat after small doses, but falls rapidly when toxic symptoms 
appear. 

Nutrition. — Besides its specific action on the central nervous system, 
prussic acid exercises a depressant action on pi*otoplasni in geneml, and 
may therefore be called a general protoplasm poison, although some 
of the bacteria are but little affected by it. Botli jilants and animals 
arc retarded in their movements and in their nutritive processes by its 
presence, although they may recover and sliow no subsequent deteriora- 
tion provided the poison acts only during a short time and in suffi- 
cient diluiion. For example, the development of seeds is hindered 
by the presence of prussic acid, but proceeds wlien it is withdrawn ; 
yeast cell‘5 cease their activity, and the insectivorous plant Drosera 
no longer moves its tentacles in the presence of cyanides or prussic acid 
(Darwin). This action in plants is probably due to the jioison arrest- 
ing the activity of the ferments, for it has proved to have a deleterious 
action on many of the known ferments. 

The effects of prussic acid on the mammalian tissues have been ex- 
amined by Greppert in a long and careful research. He found that the 
oxygen absorbed by the tissues Avas much lessened by prussic acid, 
whereas it was to be expected that a convulsive poison, such as that 
under discussion, would cause an increased waste in the tissues and a 
corresjymding rise in the oxygen used ; yet during the most powerful 
convulsions after prussic acid, the absorption of oxygen is often dis- 
tinctly lower than in the normal resting animal. After some time the 
consumption of oxygen again increases, although it does not regain the 
normal standard unless complete recovery occurs ; the carbonic acid 
actually formed by the tissues falls, owing to the lessened oxidation, 
and Geppert proceeded to prove that the imj)erfect oxidation is due to 
the fact that the tissues are unable to absorb the oxygen brought to 
them by the blood cells; that, in fact, a change occurs in the proto- 
plasm, which retards the normal respiration of the cell. In conse- 
16 
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quence of this, the oxyhsemoglobin of the blood is not reduced in the 
capillaries/ so that the venous blood has the same bright-red color as 
the arterial. Prussic acid seems to be rapidly changed to other prod- 
ucts in the tissues, however, provided a lethal dose has not been given, 
and as this process goes on the protoplasm recovers its oxygen- 
absorbing power, the expired air becomes less rich in oxygen and 
richer in carbonic acid, and the venous blood assumes its ordinary 
dark color. Lactic acid and sugar are found in the blood in 
uniisnally large quantities during the action of prussic acid; these 
are invariably present when the oxidation of the tissues is imperfect 
from any cause. 

The changes in the central nervous system are produced by smaller 
quantities and somewhat more rapidly than those in the metabolism, 
and they also last longer. The dilatation of the blood vessels from 
the depression of the vaso-con^triotor centre may probably cooperate 
Avith the lessened absorption of oxygen to produce the bright red color 
of the venous blood, for it stands to reason that a more rapid circula- 
tion through the capillaries must lesson the amount of oxygen given up 
by the blood. 

The diminution in the oxygen absorption by the tissues is of interest 
in relation to the retardation of the ferment action in plants, for Jacquet 
has shown that the tissues oxidize mainly by a ferment action, and 
there thus seems to be an entire correspondence between the changes 
produced in the metabolism of plants and animals by prussic 
acid. 

Prussic acid is changed to sulphocyanides in the tissues, and is 
partly excreted in the urine in this form, while part of it undergoes 
further and unknown changes. This combination of prussic acid and 
sulphur bodies, such as the proteids, seems to arise by simple chemical 
processes, without the intervention of living protoplasm being neces- 
sary. 

In the living body prussic acid does not form any combination with 
the hsemoglobin of the red blood cells, but in the drawn blood it 
appears to form cyanhsemoglobin, a loose combination which differs 
slightly from hsemoglobin in its spectrum and is reduced with greater 
difficulty, so that the blood retains its red color longer. If normal 
blood be brought in contact with a solution of peroxide of hydrogen, 
it effervesces owing to the liberation of oxygen, but the oxyhsernoglobin 
remains unchanged; ifj however, prussic acid be present no effer- 
vescence occurs, but the hsemoglobin is at once changed to methsemo- 
globin. In cases of poisoning with cyanides, the dependent parts of 
the body often present a bright red color instead of the usual post- 
mortem lividity, and this seems due to the cyanhsemoglobin retaining 
its red color, while ordinary oxyhfemoglobin is reduced. 
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Preparations. 

Acidum Hydrocyanicum Dilutu]n(U. S. P., B. P.), a two per cent, solu- 
tion formed from potassium ferrocyanide or silver cyanide. It is a colorless 
fluid with a characteristic smell and taste, and ought not to be kept long, 
as it is liable to decomposition ; much of that actually used in medicine is 
partially decomposed and therefore under two per cent, in strength. Dose, 
0. 1-0.5 c.c. (2-8 mins.). 

Argenti Cyanidum (U. S. P.), is used in medicine only for the formation of 
the dilute hydrocyanic acid. 

A number of other preparations contain prussic acid, generally in very 
variable quantity. Thus in the U. S. P. the preparations of bitter almonds, 
except the expressed oil, contain it, and the volatile oil is, in fact, dangerous 
owing to the large proportion of prussic acid sometimes present. Another 
series of preparations containing it, though only in minute quantities, is 
that of the bark of the wild cherry, Primus Virginiana. In the British 
Pharmacopoeia the bitter almond, Virginian cherry and the cherry-laurel 
water contain it, but only in harmless quantities. It is also present in the 
tincture of chloroform and morphine, B. P. 

Therapeutic Uses. — The. uses of prussic acid at the present day are 
very few. Externally it is applied to itching surfaces to cause numb- 
ing and insensibility of the sensory nerve terminations, but care mast 
be taken that the surface is unbroken, or unpleasant and. even danger- 
ous symptoms may be induced. It is also used internally in vomiting, 
especially in that occurring in pregnancy, and seems to be benchcial 
occasionally. It was formerly used extensively as a sedative in cough, 
but was generally prescribed along with opium or other narcotics, and 
it seems unlikely that the hydrocyanic acid had any effect. 

In Poisoning with prussic acid or the cyanides, the treatment is that 
of poisoning in general — thorough evacuation of the sb^mach, warmth 
and general measures against collapse. A number of so-called anti- 
dotes have been proposed, such as atropine, which there is no reason 
to suppose would be of benefit, for it has been found useless in animal 
experiments. The intravenous injection of sodium sulphide and hypo- 
sulphite has been advised on the theory that the comparatively harm- 
less sulphocyanide would be formed, and animals seem to be able 
to survive an otherwise lethal dose when this is done. Peroxide of 
hydrogen has also been suggested, in order to form innocuous oxidation 
products with the prussic acid. Artificial respiration should be 
resorted to when necessary, as the cyanide is comparatively quickly 
rendered inactive, and the recovery is rapid when it once sets in. But 
in many cases life is extinct before medical aid can be called. 
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Vm. CAFFEINE. 

In a niim .er of plants used in different parts of the world to form 
beverages and condiments, there are found the xanthine (jompounds, 
Oaf vine. j Tlieohromine and Theophylline {Theoeine)^ which have been 
employed in therapeutics of late years, and have, therefore, acquired 
a double importance as drugs and as articles of diet. The wide- 
spread use of preparations of these by uncivilized peoples is a curious 
and unexplained fact, especially as they possess neither peculiar taste 
nor odor to guide in tlie selection of the plants in which they exist. 
Besides, caffeine and its allies in moderate quantities induce no marked 
symptoms, such as follow the use of alcohol, opium or hashish and 
explain their use among widely separated peoples. On the contrary, 
the only effects to be observed are a brightening of the intellectual 
faculties and an increased capacity for mental and physical work. 
Coffee, the use of which is derived from the Arabians, is the berry of 
Coffea Arabica and contains caffeine ; tea, the leaves of Thea Chineiisis, 
contains caffeine along with theophylline.^ Cacao, cocoa or chocolate 
is derived from the seeds of Theobroma cacao, a tree indigenous in 
Brazil and Central America, and contains theobromine. In central 
Africa, the Cola or Kola nut (Sterculia acuminata^ is used by the na- 
tives, and contains (jaffeine with small quantities of theobromine.* 
In Brazil, Guarana jiaste is formed from the seeds of Paullinia sor- 
bilis, and contains caffeine and theobromine, while in the Argentine 
Republic, Yerba Mate or Paraguay tea (Ilex Paraguayensis) is used 
to form a beverage which contains a very small quantity of caf- 
feine. Another species of Ilex is met with in Virginia and Caro- 
lina under the name of Apalache tea or Youpon, and also contains 
caffeine. 

These three principles, caffeine, theobromine and theophylline, arc 
purine derivatives closely related to the xanthine bodies found in the 
urine and tissues of the animals. The members most closely approach- 
ing the vegetable forms aw^ xanthine, paraxanthine and heteroxanthine ; 
the last is a monomethylxanthine, while paraxanthine is a dimethyl- 
xanthine isomeric with theobromine and theophylline, and caffeine is 

^ Tea was formerly supposed to contain theine, but this has proved to be identical 
with caffeine. 

* Kolanine, colanine, which was at one time supposed to.be a new body, seems to 
be a coriipound of tannic acid with these xanthine derivatives. 
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trimethylxanthine. The structural formulae may serve to indicate more 
clearly the close relationship of these bodies. 


Xanthine. 



Theobromine. 



CalTcine. 
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Action. — Those all resemble each other iii most points of their 
pharmacological action, although caffeine a(;ts on the central nervous 
system as well as on the kidneys, mustde and heart, while thcobromijio 
1ms comparatively little effect except on the last three. 

Central Nervous System. — In mammals the injection of large quan- 
tities of caffeine is followed by symptoms closely resembling those in- 
duced by strychnine. The reflex irritability is remarkably inerca.jed, 
the lightest touch being followed by powerful eontraetion of almost all 
the muscles of the body. After a time these eoutraetions occur with- 
out any apparent stimulus, and culminate in tonic convulsions which 
last for several seconds. During these the respiration ceases from the 
respiratory muscles being involved in the spasm and oceasionally it 
fails to be reinstated when the convulsions pass off. In other instances 
the spasms become weaker aiid occur at longer intervals ; tlie respira- 
tion diminishes in frequency and depth and eventually ceases. 

In man, smaller quantities of caffeine stimulate the central nervous 
system, in particular that part associated with the j)sychical functions. 
The ideas become clearer, thought flows more easily and rapidly, and 
fatigue and drowsiness disappear. Not infrequently, however, con- 
nected thought is rendered more difficult, for inijnessions follow each 
other so rapidly that the attention is distracted, and it re(|uires more 
and more effort to limit it to a single object. If the quantity ingested 
is small, however, the results are of distinct benefit in iutcilleeiual work. 
The capacity for physical exertion is also augmented, as has been dem- 
onstrated repeatedly by soldiers on the march, and more reccjntly by 
more exact experiments with the ergograj)h. The stimulation of the 
higher nervous centres is often evidenced by the insomnia and restless- 
ness which in many people follow indulgence in coffee or tea late at 
night. Kraepelin has investigated the effects of caffeine from the psy- 
chological point of view, and finds that both tc^a and coffee facilitate 
the reception of sensory impressions and also the association of ideas, 
especially in fatigue, while the transformation of intellectual concep- 
tions into actual movements is retarded. This he regards as due to 
stimulation of the highest or controlling functions of the brain, caffeine 
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acting on the same parts as are first affected by alcohol and the methane 
derivatives, but altering them in the opposite direction. The effects 
of caffeine on the acuteness of the senses has been demonstrated by the 
greater accuracy of touch under its influence. 

Large quantities of caffeine often cause headache and some confu- 
sion, and in rare cases of special susceptibility a mild form of delirium 
may be elicited, or noises in the ^rs and flashes of light may indicate 
derangement of the speqial senses. The pulse is quickened, and oc- 
casionally palpitation and uneasiness in the region of the heart are 
complained of. Convulsive movements of the muscles of the hand 
and tremor in different parts of the body have also been recorded in 
some cases. These effects are induced only with difficulty in habitual 
drinkers of tea or coffee, so that the continued administration of small 
quantities of caffeine evidently gives rise to tolerance. 

The symptoms induced by caffeine in the lower mammals are due 
for the most part to its acting on the spinal cord in the same way as 
strychnine, though small doses may act on the brain, for they often 
elicit restlessness and timidity without any marked change in the reflex 
excitability. The centres in the medulla oblongata are also involved 
in the effects, as is indicated by a rise in the blood-pressure from stim- 
ulation of the vaso-motor centre, acceleration of the breathing, and oc- 
casionally some slowness of the pulse from action on the respiratory 
and pneumogastric centres. The intracranial bloodvessels are said to 
be dilated. 

Frogs show no nervous symptoms that cannot be ascribed to action 
on the spinal cord, and in some species these are elicited with con- 
siderable difficulty owing to the muscular action described below. 

On comparing the effects of caffeine and strychnine on the central 
nervous system it will be found that while there is a general similarity 
in their action, the latter causes more marked stimulation of the lower 
divisions and has less action on the cerebrum in mammals and man. 
They both produce a general increase in the activity of nerve cells, 
but caffeine acts more on the psychical, strychnine more on the vital 
and reflex functions. 

Theophylline resembles caffeine in its action on the central nervous 
system, while theobromine induces few or no symptoms of stimula- 
tion. The monomethyl-xanthines and xanthine itself stimulate the 
central nervous system in the frog (Schmiedeberg), 

The Muscular action of caffeine is best seen in the Bana temporaria 
(grass frog), although it is also induced in other species of frogs, and 
some rigidity may be elicited in mammals by very large doses. When 
a few drops of caffeine are injected into the leg of a frog there follows 
a peculiar stiffness and hardness in the muscles around the point of in- 
jection, which slowly spreads to other parts of the body and induces 
the appearance of rigor mortis. The same effect is observed when 
teased muscle fibres are subjected to a caffeine solution under a high- 
power microscope. The fibres contract, become white and opaque, and 
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look Stiff and inflexible ; the transverse striie disappear, while the lon- 
gitudinal become more easily visible (Fig. 21). This appearance is 
due to the death and rigor 

mortis of the fibres. Fiirth Fi«. 21. 

states that the myogen of ® 

muscle is formed into myo- 
genfibrin and coagulated by 
the addition of caffeine to its 
solutions outside the body, so 
that the rigor induced by 
caffeine seems due to a com- 
paratively simple reaction 
l)etween the poison and the 
proteids of the muscle fibre. 

In small Cpiantities caffeine a muscular fibre of Iho frog (highly magnified), a, 
innfnocno +ln/i ivKif.iKi* It’ fir normal ; B, after thc anplicatiou of iriiireiiic Solution. Tho 
increases tnc irriulblllt^ Ot coarse stricc in B are tuc folds of the sarooiemma. 

muscle as well as its absolute 

strength and extensibility, that is, the muscle contracts on a weaker 
stimulus and against a greater load than it does normally. The 
amount of work done before fatigue sets in is also increased, iiidcss 
when large (piantities are a])plicd, when the capacity for work is less- 
ened ; and with the first ajipeamnce of rigor it ceases to react to 
stimuli altogether. Sobieranski has recently shown that in ordinary 
doses caffeine increases the work done by the human muscles when 
they are stimulated by electric shocks. The universally recognized 
effect of tea and coffee in increasing the capability for physical work 
and in relieving fatigue has generally been regarded as due to changes 
in the nerve cells, but according to Kraepelin and others is really of 
peripheral origin and explained by the direct action on the muscle. 
While the action of theobromine on the central nervous system is 
much less marked than that of caffeine, muscle enters into rigor after 
the former more readily and xanthine exceeds even theobromine in its 
power to produce this change. 

The action of caffeine on the Circulation is exerted in two directions, 
on the vaso-motor centre in the medulla and on the heart itself. Along 
with the rest of the central nervous system, the vaso-inotor area un- 
dergoes stimulation and . the smaller arteries are therefore contracted, 
causing a marked rise in the arterial pressure. 

In the frog’s heart caffeine in very small quantities is found to in- 
crease the absolute strength, that is, the heart contracts against a 
greater aortic pressure than it would normally, and at the same time 
the amount of blood expelled by each beat is slightly increased. The 
rliythm is generally somewhat accelerated by small doses, but this ef- 
fect is often of very short duration. On the absorption of larger 
quantities, the heart first becomes slower and its volume smaller, 
then the apex ceases to relax with the rest of the ventricle and 
remains white and contracted, and eventually the whole heart passes 
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into a condition of rigor exactly resembling that seen in the skeletal 
muscles. 

When moderate quantities of caffeine are injected intravenously in 
mammals^ the heart is accelerated, without any marked change in the 
extent of systole or diastole. The increased rate is independent of any 
action on the regulatory mechanism of the heart, for it is seen in hearts 
in which the accelerans has been cut and the inhibitory apparatus 
paralyzed by atropine. It is probably due to direct action on the 
heart muscle for, as has been stated, an analogous increase in irrita- 

Fig. 22. 



Tracing of the ventricle of the dog’s heart ; A, normal ; B, after caffeine. The lever moves upwards 
during systole, downwards during diastole. The ouly alteration caused bjr caffeine is acceleration. 
The slightly larger excursion in diastole iu B is mechanical. (Contrast tracings under digitalis.) 


bility occurs in voluntary muscle. The increased irritability of the 
cardiac fibres also accounts for the fact that stimulation of the vagus 
is followed by less slowing of the heart after caffeine than before its 
administration. In man the heart rhythm is often found slower after 
caffeine, and this appears to be due to stimulation of the inhibitory 
centre in the medulla oblongata, the increased inhibition proving more 
than sufficient to counterbalance the acceleration which would arise from 
the direct action of the caffeine on the heart muscle. After large 
quantities of caffeine the heart becomes weak and irregular and after 
death it is found in diastole. The increased rate of the heart beat is 
not always accompanied by an increase in the amount of blood expelled 
in a unit of time (Bock), although this is often the case. Apparently 
the contractions of the ventricle follow each other so rapidly that the 
time is often insufficient for the inflow of the usual amount of blood. 
The increase in the blood-pressure under caffeine is therefore to be 
ascribed for the most part to the action on the vaso-motor centre, al- 
though not infrequently thia is supplemented by an increased efficiency 
of the heart. ■ Theobromine and xanthine possessing but little action in 
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the vaso-motor centre, scarcely raise the blood-pressure although they 
have the same effect on the heart as caffeine. Theobromine causes 
some dilatation of the coronary arteries M'hen it is perfused through 
the heart, while caffeine is devoid of this action. • 

The Respiration is quickened and strengthened by caffeine, owing to 
a stimulant action on the medullary centre. This effect on the respira- 
tion is seen in the improvement of the respiration in cases of dangerous 
poisoning with alcohol, opium and other drugs which prove fatal by 
failure of the respiration, but is much less marked in normal animals. 

The Temperature has been found to be raised by caffeine through its 
action on the nervous centres and perhaps on the muscles. The in- 
crease is, however, comparatively insignitimnt (0.5—1 ° C.) and is seen 
only in cases in which an almost poisonous dose has been used. 

The Alimentary Tract is not affeeknl by eatVeine, but after theobro- 
mine discomfort and loss of ap|)etite are sonu'tiines complained of, 
probably owing to changes in the giistrhi nuK'ons iiKMubnine. Thes(^ 
are much more marlaHl after even small doses of theojdivlline, and small 
laernorrhages and erosions have been h)und in the stomach, both in man 
and animals (Allard). 

Kidney. — The most important property of (^affeiiu; from a tljcra- 
peutic point of view is its power of increasing the secretion of urine. 
It is an everyday experience that strong coffee or tea increjises tlu* 
urine to a much greater extent than the same amount of wakr, an<l 
this has been shown to be due to the wiffeine conhiined in these Ix^v- 
erages. It is still disputed how caffeine causes diuresis, for while the 
most generally accepted view is that of Schroeder, that caffeine acts 
directly on the renal cells, some investigators hold that the increased 
urinary secretion is due to local changes in the renal (urculation. As a 
general rule the vessels ar(5 dilated and thi* kidney volume is enlarged 
during caffeine diuresis, but this may be merely an accompaniment 
and not the cause of tlie increased activity. In any case the diuresis 
is due to changes within the organ and is quite independent of the 
action of the drug in other parts of the body. TIkjsc may in fact 
counteract the real action and prevent the diunjsis, ihrougli stimula- 
tion of the vaso-constrictor centre, which r(*tards the circulation in the 
kidney and lessens the amount of fluid rea<‘hing tlui nmal cells (Schroe- 
der). Tlii^ inhibitory action of the vaso-motor centre may be elimi- 
nated by such medullary depressants as cldoral, under which the caf- 
feine diuresis may be elicited with much great(?r (certainty. Theobro- 
mine has a more constant effect on the kidney and causes even greater 
activity in that organ than (Miffeine, and tliis was explained by 
Schroeder as being due to its having little or no stimulant effect on 
the vaso-constrictor centre. Theophylline apj)ears to increase the 
urine more than any other of the group, with the possible exception of 
paraxanthine. 

In the (Miffeine diuresis, the fluid jiart of the urine is iimroased 
chiefly, but the solids also undergo an augmentation, though not to 
the same extent. Among the solids the chief increase is sc*en in the 
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Fig. 23. 




sodium chloride, the nitrogenous constituents undergoing less alteration 
although they also rise in amount ; a small amount of sugar is often found 

in the urine, more especially if the food 
has contained large quantities of sugar- 
forming substances, but this glycosuria 
is probably due merely to the large quan- 
tities of fluid sweeping some of the sugar 
of the blood along with it, and does 
not indicate any dangerous alteration in 
the renal epithelium or in the metab- 
olism. 

The excretion of large quantities of 
fluid in the urine is, of course, accom-* 
panied by a diminution of the fluids of 
the blood, but the latter soon recuperates 
itself from the tissues. If there is any 
accumulation of liquid, such as oedema, it 
is drained into the blood to replace the 
fluid thrown out by the kidney, and caf- 
feine may accordingly be used to remove 
oedema or dropsy in this way. If no such 
accumulation exists, the blood draws on 
the fluids of the intestine and stomach, 
and their withdrawal leads to the sensa« 
tion of thirst. As a diuretic, caffeine is 
distinctly inferior to theobromine ; in the 
first place because the diuresis is less 
certain and is often accompanied by ner- 
vous symptoms — sleeplessness and rest- . 
lessness; and secondly because the in- 
crease in the secretion is smaller and 
lasts for a shorter time. 

Excretion. — Caffeine is excreted in the 
urine to a very small extent as such. 
During its passage through the body it 
loses its methyl groups and first becomes 
dimethyl- and then monomethylxanthine. 
Eventually xanthine is formed and this 
probably breaks up into urea. In the 
urine are found small quantities of the 
unchanged drug, accompanied by larger 
quantities of dimethyixanthineand raono- 
methylxanthine. After theobromine and 
theophylline some of the unchanged drug 
is found in the urine along with monomethylxanthine. 

The exact order in which the methyl groups are lost in the tissues ap- 
pears to differ in different animals ; in the dog all three isomeric di- 
methylxanihihes are formed from caffeine and after large doses appear in 



Caffeine diuresis in a rabbit. The 
amount of urine passed in ten minutes 
is represented by the height of the rec- 
tangles. The first of these, repre- 
sent the normai secretion. At ^ a small 
dose, and at C a largo dose of caffeine 
was injected intravenously, and the 
secretion is accordingly increased. The 
shaded .part of the rectangles represents 
the amount of solids in the urine. It 
will be noted that these arc increased but 
not to the same extent as the fluid. The 
dotted line represents the average 
height of the blood-pressure during each 
period often minutes. The animal had 
received a large dose of chloral to 

S ress the vaso-motor centre and tne 
eart, and caffeine had, therefore, little 
or no effect on the height of the blood- 
pressure. 
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the urine, although theophylline predominates, while in the rabbit an^ iii- 
man paraxanthine is formed in larger amounts. The monomethylxanthines 
are also excreted in different proportions in different animals, heteroxauthine 
prevailing in man and the rabbit. 

Preparations. 

Capfeina (TJ. S. P., B. P.), long, white, silky crystals, without odor, but 
possessing a bitter taste, but little soluble in cold water, more so in alcohol, 
still more so in boiling water. 0.05-0.3 G. (1-6 grs.). 

Capfeina Citrata (U. S. P.), Cappein-® Citras (B. P.), a white powder, 
consisting of a weak chemical combination of citric acid and caffeine. It is 
decomposed by mixture with more than 3 parts of water. 0.1-0. 6 G. 
(2-8 grs.). 

Capfeina Citrata Eppervescens (IT. 8. P.), Cappkin® Citras Effer- 
VESCENS (B. P.), a mixture of citmted cafleine with sodiumhicarbonaie, tar- 
taric acid and "sugar. On throwing the j)owder in water it effervesces, 
owing to the acids acting on the bicarbonate and liberating carbonic acid. 
This preparation is an extremely weak one, containing only 1 per cent, of 
caffeine in the IT. 8 . P. and about 2 per cent, in the B. P. 

Caffeine is best prescribed either in powder or in tablets formed from 
either of the fir.st two i)rej)aration.s. It may also be given in water with 
salicylate of soda, which aids its solution. 

Theobromina (unofficial) is a crystalline powder even loss soluble than 
caffeine, and is absorbed with difficulty when given al<Ae. It is generally 
prescribed in doses of 0.5 G. (8 gi*s.) three times a day, but larger quantities 
may be given. Solutions of salicylate of soda dissolve it much more readily 
than pure water. 

Diuuetine and Agnrine are double salts of sodium -theobromine witli the 
salicylate and acetate of sodium re.si)ectivcly and are much more soluble than 
theobromine. The dose is 0.5-1 G. three times a day, cither in powder form or 
in solution. 

Theocine, an artificial tlicoidiylline, is a white crystalline powder, slightly sol- 
uble ill water. Dose, 0. 2-0.3 G. (3-5 grs.) in powder or tablets. 

Guarana (IT. 8. I\), a brown jiaste derived from tin* seeds of Paullinia sor- 
bilis and containing caffeine and theobromine along with some tannic acid. 

Fluidextrajdum Guarmm (U. 8. P.), 3—8 c.c. 

Numerous preparations of Kola nut are iiow put on the market, but the 
pure principles are preferable. 

Therapeutic Uses. — The action of caffeine on the central nervous 
system has led to its employment in a number of different conditions. 
Thus, in nervous exhaustion it may be used to stimulate the brain, and 
in collapse its action on the vaso-motor and respiratory centres has been 
•found of value — the blood-pressure rise.s, the whole tone of the circu- 
lation is improved and the respiration becomes quicker and less shallow. 
In narcotic poisoning with failing re.spiratioD, caffeine may be used to 
stimulate the centre in place of strychnine or atropine; in opium 
poisoning more particularly, strong coffee has long been used, but 
caffeine might be substituted with advantage. Its stimulant action on 
the brain, and more especially on the respiration, renders it an antidote 
in dangerous cases of alcoholic poisoning also. Some forms of migraine 
and headache are relieved by caffeine, but in others it seems rather to 
intensify the pain ; this action has bc»cn attributed to its dilating the 
exu^bral vessels. • Kola jireparations are often advised as general tonics 
in weakness and neuiusthenia. 
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Caffeine has been used largely for its action on the heart and is often 
said to be a substitute for digitalis, though as a matter of fact, it can- 
not replace the latter, the action of the two on the heart being entirely 
dissimilar. In cases of heart weakness without marked dilatation and 
incompetency of the valves, it may be of service as it increases the 
activity of the ventricle, but its reputation in cases of cardiac disease 
is due mainly to the removal of dropsy through its diuretic action. 
The contraction of the arterioles following the use of caffeine may also 
be of service in feeble action of the heart. 

In their action oh the kidney the members of the caffeine series 
stand preeminent, no other drug producing such a copious flow of urine 
as either caffeine or theobromine. As has been explained already, the 
latter is to be preferred to caffeine as a diuretic, and may be used in 
all cases in which there is a pathological accumulation of fluid in the 
body, whether of cardiac, hepatic or renal origin. The results are 
most brilliant, however, in cases of cardiac dropsy, and here it may 
be prescribed along with one of the digitalis series. It must be em- 
phasized, however, that in these cases it cannot supplant digitalis, but 
merely aids in the removal of the fluid which is obstructing the circu- 
lation by its pressure, while digitalis relieves the dilatation of the heart. 
In cases of hepatic dropsy, caffeine and theobromine have also proved 
of service, although here the treatment can only be considered palliative. 
In renal dropsy theobromine has been used with somewhat variable 
results ; it does not seem to increase the albumin in the urine, but 
not infrequently little or no diuresis follows its administration. This 
is only to be expected where the renal cells are in such a condition as 
to be incapable of stimulation. Where the disease is less developed 
the members of this series produce the usual increase in the se- 
cretion. 

Inflammatory effusions do not seem to be lessened to any marked 
extent by either caffeine or theobromine. 

Theobromine in very large doses has been found to produce nausea 
and loss of appetite when taken for long, but in ordinary quantities it 
produces no symptoms save diuresis. Thcocine has undoubtedly greater 
diuretic power than either caffeine or theobromine, and has been largely 
advertised for the treatment of dropsy. In a large proportion of cases 
it causes marked disturbance of the digestive organs, however, and in • 
several instances epileptiform convulsions have followed its use. 

A large number of other xanthine derivatives have been formed and examined 
experimentally, but none of them possesses any therapeutic importance (Ach, 
Schmiedeberg). 

Coffee and Tea. 

Coffee is not used in medicine, but in view of its immense dietetic 
importance it may be mentioned here in what respects it differs from 
the pure caffeine. The coffee bean contains about | per cent, caffeine, 
and the roasting does not seem to reduce the percentage at all, as was 
formerly supposed, and since almost all the caffeine is extracted by the 
ordinary culinary preparation, a cup of coffee contains from 0.1~0,2 G. 
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(1 J-3 grs.) of caflToine. Along with the caflfeiiie there are extracted a 
number of other subsbinces, the most imporbint of which are volatile 
substances, such as furfuralcohol, produced by the roasting^ which have 
been called Coffeon and resemble in their action the volatile oils. 

Tea contains a larger percentoge of caffeine (about 1 J-2 per cent.), 
but as less tea is used than coffee, each cup may be considered to con- 
tain 0.1-0.2 G. (1^-3 grs.). In green tea there is a considerable 
quantity of a volatile oil which also passes into the infusion, but this 
is not present in black tea, owing to the greater heat used in its manu- 
facture. Both black and green tea contain about 7 per cent, of tannic 
acid, but this is only extracted slowly. The bitter taste in tea that 
has been prepared too long is due to the tannic acid passing into solu- 
tion. 

The wakefulness and the relief from fatigue which are produced 
by tea and coffee are undoubtedly due to the caffeine contained in 
them, and are to be ascribed to the central action chiefly, although 
its action on the muscles may also be of some value here. On the 
other hand, the feeling of Avell-being an<l (*omfort produced by coffee 
after a full meal is probably to l)e explained by the local action of the 
volatile oil in the stomach. The same result is j)rodueed by pre])ara- 
tions of the other volatile oils, and, in fact, these are often added to 
coffee in the form of brandy and other liqueurs. A|)art from this local 
action the volatile parts of Uia and coffee (theon, cotteon) seem to have 
no effect whatever on the economy. In experimemts on the activity 
of the digestive ferments outside tl:e body, it is found that caffeine 
increases slightly the rajiidity of the process, but that colfec and tea 
retard it considerably. On the other hand, coffee, jwobably owing to 
its volatile oils, increases the pcristsiltic movements of the intestine 
while caffeine has no effect on them. Tea that contains much tannic 
acid precipitates the peptones and albumins of the stomach, and may 
lead to chronic dyspepsia and constipation. 

It was formerly stated that coffee lessened the tissue change and 
that it ought therefore to be included among foods, and one enthusiast 
even suggested that a diet of tea and coffee exclusively should 
be served o!it in the besieged fortresses of France in 1870. It has 
been shown conclusively, liowever, that far from lessening the metab- 
olism of the body, coffee and tea increase it, the amount of urea and 
carbonic acid excreted being cf>nsiderably augmented by their use. 
This is only to be expected from the increased activity of the nervous 
centres, which leads to increased movement and increased consump- 
tion. 

Chocolate contains theobromine (O.o-l ])er cent.), instead of caf- 
feine, and besides tliis a large amount of fat (cacao-butter 30-50 per 
cent,), starcli and albumins. The tlieobromine does not possess the 
stimulant action of caffeine on the nervous system, and chocolate may 
therefore be taken where coffee or tea produces wakefulness. The 
starch and fat are assimilated by the tissues so that chocolate is a true 
food. At the same time the cacao-butter is not easily absorbed from 
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the stomach, and may give rise to heaviness and discomfort, and even 
to indigestion. Chocolate is, therefore, often used freed from the oil, 
but theobromine is also somewhat detrimental to the gastric mucous 
membrane after continued use. 
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IX. OUBARA. 

Curara, woorara, urari or woorali, is an arrow poison used by the 
natives of South America, who prepare it by extracting various barks 
and plants. The plants used seem to vary somewhat in different local- 
ities, but those which produce the symptoms known as curara action 
are undoubtedly members of the genus Strychnos, such as S. toxifera. 

Different preparations of curara were found by Boehm to contain different alka- 
loids. That formerly obtainable owed its activity to Ourarine, but the curara 
now exported contains Tubocurarine, which resembles curarine in its action, and 
Cunne, a weaker poison, which has an entirely different effect. Another prepa- 
ration examined by him contained three alkaloids, Protoeurvne, Protomridine jmd 
Pr6tocurarinCy the last of which is the most powerful of all the curara alkaloids; 
Most of the experiments on which the statements regarding curara action are 
based were performed with the crude drug, but the alkaloids seem to have a 
very similar effect, with the exception of curine. 

Action. — chi^f effect of curara is paralysis of the. Terminations 
of the Nerves Supplying Striated Muscle, and it therefore causes general 
paralysis of all the voluntary movements. In the mammal the mus- 
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cles give way one after the other until the animal lies helpless on the 
ground. It can still move its limbs, but cannot recover its ordinary 
position, and soon the limbs become totally paralyzed and the respiratory 
movements alone persist, although they too are slow, weak and jerky. 
Eventually the respiration ceases also and asphyxia follows, but is 
not betrayed by the usual convulsions, owing to the paralysis of tlie 
motor nerve ends. The blood, however, becomes venous, and tlie heart 
soon fails from the asphyxia and not through the direct action of the 
poison. 

In the frog similar symptoms are seen, but here the arrest of the 
respiration is not necessarily fatal, as the skin carries on the exchange 
of gases, and recovery not infrequently occurs after two or even five 
days of complefe paralysis. The cause of the curara paralysis was dem- 
onstrated by the classical researches of Claude Bernard and Kolliker. 
If the sciatic nerve of the frog be stimulated during the paralysis no 
movement follows, but if the artery of one leg be ligatured before the 
application of the poison this limb remains unparalyzed and reacts to 
reflex irritation, while the rest of the body is perfectly motionless. 
These facts can only be interpreted in one way ; the paralysis is peri- 
pheral and not central, and may, therefore, be due to action either on 
the muscle, the nerve trunks, or the intermediate structures. That 
it is not due to the muscle is shown by the fact that direct stimu- 
lation causes the same movement as usual. On the other hand, in the 
experiment in which the artery is ligatured, stimulation of the nerves 
above the ligature, that is, where the })oison has access to the nerve 
fibres, causes contraction, so that the nerve trunks do not seem afiected. 
This may be shown in another way ; if a nerve-muscle prepamtion be 
made and the nerve be laid in a solution of curara, contraction of the 
muscle still occurs on stimulation of the nerve, but if the muscle be 
laid in the curara solution stimulation of the nerve has no effect while 
direct stimulation still causes contraction. Curara must, therefore, act 
on the connection between the nerve and muscle within the muscle it- 
self, that is, on the terminations of the nerve in the muscle. Curara 
paralyzes the nerve terminations without previous stimulation. 

Here, perhaps, better than elsewhere it can be shown that the condition 
of paralysis ” produced by poisons is analogous to that termed by physiol- 
ogists “ fatigue.” It is known that on stimulating a nerve rapidly by elec- 
tric shocks, or otherwise, the muscle at first contracts with every stimulation, 
but eventually ceases to respond, owing to “fatigue” of the nerve ends, 
that is, to their inability to transmit impulses from the nerve to the muscle. 

If now the response to nerve stimulation of a muscle to which a minute 
quantity of curarine has been applied, be compared with that of a normal 
one, it is found that the poisoned one ceases to respond much sooner than 
the other — L e., its nerve ends become fatigued much sooner. The mure cu- 
rara is applied, the sooner does it fatigue, until at last no response at all can 
be elicited from it. The “paralysis” of the nerve terminations by curara 
then is of the same nature as physiological “fatigue,” and other conditions 
of “ paralysis ” are also analogous to those produced by over-stimulation, 
though the exact condition of the paralyzed organ may notl>e the same as the 
ftttigued one. Thus there is some reason to suppose that in the curarized 
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terminations the enei^ consumed in transmission is present, but in such a 
form that it cannot be chanj^ed to actual movement, while in fatigue the 
energy has all been exhausted by the impulses which have already passed 
through. 

Curara paralyzes very readily the terminations of nerves in all striped 
muscular tissue except the heart. The nerves first affected are those 
of the short muscles of the toes, ear and eye, later those supplying 
the limbs, head and neck, and, last of all, those supplying the muscles 
of respiration. At first, slight movements can be performed, because 
single impulses can pass through the nerve ends, but sustained con- 
tractions such as are necessary to preserve the equilibrium, cannot be 
maintained, and the animal therefore falls. The intermittent impels^ 
to the respiratory muscles still allow time in the interval for the re- 
covery of the terminations, but as the intoxication proceeds, the num- 
ber of impulses which cfein pass through becomes fewer and fewer, and 
the movement therefore assumes more and more the character of a jerk. 
Eventually total paralysis sets in and, unless artificial respiration is 
carried on, asphyxia follows. Small doses of curara do not affect the 
innervation of unstriped muscle, and the strict demarcation of its action 
is seen very distinctly in organs which consist partly of striated and 
partly of unstriated fibres. Thus in the oesophagus, the striated muscle 
fibres no longer contract on stimulation of the vagus after curara, 
while the unstriated continue to respond as usual. In the iris of the 
mammals, which consists of unstriated muscle, curara has no effect, while 
the striated muscle of the bird’s iris ceases to respond to stimulation of 
the motor oculi, but contracts on direct stimulation. The terminations 
of the nerves in the heart are not affected, as the cardiac fibre is not of 
the same character as the ordinary striated one, but the nerves of the 
lymph hearts of the frog are paralyzed,, these organs consisting of ordi- 
nary striated muscle. Curiously enough, it has been found that curara 
does not act on the terminations of the motor nerves supplying the elec- 
trical organ of the torpedo, although this organ is analogous to striated 
muscle in many respects. The nerve ends in striated muscle in in- 
vertebrates also appears to be immune to curara (Straub). 

The nerve fibres seem unaffected by curara, for stimulation causes 
the usual electrical changes in them after it. The action of curara oil 
the muscle fibres has been a good deal disputed, many authorities deny- 
ing that any alteration whatsoever occurs, while others assert that slight 
modifications may be observed. 

When laiger quantities of curara or curarine are injected, several 
other organs are affected. Thus the Peripheral Ganglia cease’to trans- 
mit impulses, and hence stimulation of the nerves central to them has 
little or no effect. In this way the stimulation of the vagus in the 
neck produces no slowing of the heart, because the impulses can no 
longer pass through the ^nglionic structures on the course of the 
fibres, and stimulation of several secretory nerves, such as the chorda 
tympani, has no effect on the secretion. The sympathetic ganglia are 
also paralyzed by nicotine, which differs from curara in stimulating 
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them previously, and also in attacking the gjinglia before it affects the 
endings in muscle. 

Large quantities of curara are often said to paralyze the nerve 
terminations in unstriated muscle^ but this lias never been satisfactorily 
proved, all the symptoms quoted to show this effect being explained 
by the paralysis of the sympathetic ganglia, which undoubtedly occurs. 

Curara, then, first paralyzes the terminations of efferent or centri- 
fugal nerves in voluntary muscle, and in larger quantities the ganglia 
(cf Nicotine). The peripheral terminations of the afferent or sensory 
nerves seem unaffected, for if the artery of one leg be ligatured before 
the application of curara, reflex movements may be obtained in it from 
stimulation of any part of the body, while if the sensory terminations 
were paralyzed reflexes could be elicited only by the irritation of parts 
to Which the poison had not penetrated, /. c., from the ligatured leg. 

Very large quantities of curariiie are said by Tillie to cause a stim- 
ulation of the Central Nervous System resembling tliat described under 
strychnine. In ordinary poisoning, however, no evidence of this 
stimulation is shown, as although an increased number of im])ulses 
may be sent out, they cannot reach the jxMMpheral organs owing to the 
paralysis of the motor end-plates and of the ganglia. 

The Heart does not seem to be acted on directly by ordinary quan- 
tities of curarine, and the circulation is left intact long after the 
respiratory nerves have been paralyzed. Large quantities prevent 
the inhibitory action of the vagus, and the pulse is consequently 
quickened, but the blood-pressure often begins to fall at the same time, 
owing to the dilatation of the peripheral arteries through paralysis of 
the ganglia on the course of the constrictor nerves. After curara and 
curarine the movements of the Intestines are said to be increased. 
This was formerly .sup|)osed to be due to the asphyxia, but s(icms to 
be independent of it, for the increased peristalsis occurs even when 
artificial respiration is kept up, and, according to Nasse, the irritability 
of the bowel muscle is much increased by curara. A similar accelera- 
tion of the rhythmic movements of the spleen has been noted after 
curara by Shafer and Moore. 

The Secretions sometimes seem to be im^reased by curara, for tears, 
saliva and perspiration may be formed in considerable excess of the 
normal. 

Metabolism. — ^The cessation of the ordinary movements after curara 
and under artificial respiration has generally been acc*om])anied by a 
marked decrease in the oxygen absorption and the carbonic-acid excre- 
tion, but Frank and Gcbhard state that this is not the case wdien the 
tem|)erdturc is maintained by the apjdication of heat. Sugar and lactic 
acid are often found in the urine after curara, but this is due to partial 
asphyxia and not to the direct action of the poison ; the glycogen of 
tlie liver and muscles disappears from the same cause. 

Cumni is excreted by the kidneys apparently unchangcxl. It has 
long been known that this arrow poison may Ik* swallowexl with impu- 
nity, piDvided there is no wounded surface in tlie mouth or throat and 
17 
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that it is therefore perfectly safe to suck the poison from a wound. 
This has been explained in various ways, some holding that the ab- 
sorption from the stomach is so slow that the kidneys are able to ex- 
crete the poison as fast as it reaches the blood and that this prevents its 
accumulation in sufficient quantity to affect the tissues. Others suppose 
that the liver retains and destroys it and a third view is that it is ren- 
dered innocuous in passing through the' stomach walls. 

Eothberger has recently shown that curara and physostigmine are 
mutually antagonistic so far as the action on the nerve terminations in 
striated muscle is concerned (see Physostigmine). 

Ciirine, the second alkaloid found by Boehm in some specimens of curara, 
is a much less poisonous body than curarine. It possesses some action on 
the heart, the same appearances following its injection in the frog as after 
digitalin and veratrine, while in mammals the rhythm is slow even after 
paralysis of the inhibitory mechanism. 

Pbepabations. 

Curara, an extract of varying constitution and strength. The active con- 
stituents are freely soluble in acidulated water, and when used ought to be 
injected hypodermically. Before using curara in therapeutics it is a;lways 
necessary to estimate the strength of the preparation by experiments on 
animals, and its application ought to be graduated, commencing with the 
smallest quantities and increasing them until the desired effect is attained. 
Neither curara nor its alkaloids are official. 

Therapeutic Uses. — Curara has been used occasionally in various condi- 
tions of exaggerated movement, such as tetanus, strychnine poisoning and 
hydrophobia. The object is to lessen the movement by paitial paralysis of 
the motor terminations. The respiratory nerves being the last to be affected 
by the poison, the convulsions may be controlled, or at any rate hindered 
from causing such marked irregularity of the respiration as they would 
otherwise do, and in the same way the overstrain of the heart (saused by the 
convulsions may be prevented. The danger accompanying the use of curara 
is great, however, and the fact that in all these cases the cause of the move- 
ment is excessive activity of the central nervous system would seem to indi- 
cate one of the many depressants of that system, rather than a drug such as 
curara, whose action is on an entirely different part of the body. Some 
cases of tetanus and one of hydrophobia are alleged to have been successfully 
treated by it, but its use must still be regarded as purely experimental, and, 
in fact, as generally opposed to the teachings of rational therapeutics. 

: Paralysis of the terminations of the motor nerves in striated muscle — ^the 
so-called ** Curara- Action ” — is elicited by a large number of poisons, but in 
few of them is it the first effect of their application. Many drugs induce it 
only when injected in large quantities and at the end of a series of phenom- 
ena produced by their action on other parts of the body ; it is observed much 
more frequently in frog:s than in mammals, and is often of little importance 
compared to the other symptoms. Among the bodies which resemble curara 
more closely in their action, the peripheral paralysis playing the chief rftle 
in their effects, are the ammonium compounds formed from the natural alkaloids 
by the substitution of an alkyl, c. y., methylstrychnine, amylquinine, etc.* 
Some of the ammonium salts and many of the alkyl ammonium combinations 
also cause it, so that the /general statement may be made that quaternary 

* Boehm lias recently stated that tiibocnrarine, which is the active constituent of 

much of the moderii cunira, is really one of those methyl bases (methylcurine). 
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compounds of nitrogen possess a curara action ; in these the nitrogen atom 
may be replaced by phosphorus or arsenic witUout loss of the curara action, 
so that nitrogen is not a necessary constitiieut of substances possessing this 
property. The simpler bodies, pyridine and quinoline which form the basis 
of most of the natural alkaloids, have little action save on the nerve ends, a 
fact which is of some importance in the consideration of the relation between 
the chemical constitution and the pharmacological action of poisons. At 
the same time the property of causing this x>aralysiB is so widespread among 
substances of very different constitution that it may be looked upon as in- 
dicating a peculiar susceptibility and w^eakness of the motor terminations, 
more especially in the lower vertebrates, and inferences based upon it as to 
the mutual relation of substances are to be received with caution (San- 
tesson). 
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X. CONIINE, GELSEMININE AND SPARTEINE. 

Several alkaloids which show many points of resemblance to curara 
in their pharmacological ctfects. may be classed together, although their 
action may differ in details. 

Coniine. 

Coniine is one of the simpler derivatives of Piperidine^ which is 
obtained from Pyridine by reduction. A series of alkaloids may be 
formed from piperidine by substituting methyl, ethyl, propyl or other 
alkyls for hydrogen, and one of these, a-propyl-piperidine, is the 
natural alkaloid coniine. 

Pyiicline. Piperidine. Coniine. 



Coniine is found in Hemlock (Conium maculatiim), along with two 
nearly allied alkaloids, Methykoniine and Conhydrine. The latter dif- 
fers from coniine only in having a hydroxyl group in the side chain. 
Methylconiine is found in many specimens of coniine, and is probably 
formed in the plant, although this has not been definitely proved ; in 
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it the hydrogen attached to the nitrogen of coniine is replaced by 
methyl. Coniine is of some historical importance^ as the first vegetable 
alkaloid which was successfully formed by synthesis in the laboratory. 
It is a volatile fluid, characterized by a strong mouse-like odor, but 
forms crystalline, non-volatile salts. The two other alkaloids of hem- 
lock act in the same way as coniine, although much more weakly, so 
that the effects of the crude preparations of the plant are identical 
with those of coniine. 

Piperidine and its compounds with methyl and ethybact in the same 
way as coniine but more weakly. An ascending scale of toxicity may 
be formed, commencing with piperidine and passing upwards through 
methyl- and ethyl-piperidine to coniine. The other simple derivatives 
of piperidine seem to resemble coniine in their action as far as it has 
been investigated. 

Symptoms. — The general symptoms induced in man by poisonous 
doses of coniine are weakness, languor and drowsiness which does not 
pass into actual sleep. The movements are weak and unsteady, the 
gait is staggering, and nausea and vomiting generally set in, along with 
profuse salivation. In most cases the intelligence remains clear to the 
end, as is related of the death of Socrates from hemlock poisoning, 
but in some instances imperfect vision and hearing have been noted. 
The pupils are somewhat dilated. Tremors and fibrillary contractions 
of the muscles are often seen in animals, and some observers state that 
actual convulsions occur. The breathing becomes weaker and slower 
and death occurs from its arrest. 

Action. — Coniine is sometimes credited with possessing a narcotic 
depressant action on the Central Nervous System, but this is by no 
means a characteristic feature in poisoning, for in both man and 
animals consciousness is often retained until immediately before the 
cessation of the respiration. Other writers mention convulsions as a 
feature of coniine poisoning, and weak convulsive movements are often 
seen before death, obviously from the failure of the respiration. 
Quite distinct from these are the twitching and tremors of the earlier 
stages of the intoxication, which are often accompanied by a certain 
stiffness and rigidity of some of the muscles of the limbs. Some of 
these movements may be due to the partial paralysis of the motor 
nerve terminations preventing the animal from contracting its mus- 
cles in a normal tetanus and permitting only of short, jerky move- 
ments, which may readily be mistaken for convulsions. But at the 
same time, the tremor and the rigidity of the limbs seem to indicate 
some central stimulation, although this point requires further investi- 
gation. This preliminary stimulation may afterwards pass into de- 
pression of the lower parts of the central nervous system, although this 
is denied by some investigators, who maintain that coniine has little 
or no central action, but manifests its activity only in the peripheral 
organs. 

Coniine causes nausea and very often vomiting at an early stage of 
its action. This may' be elicited by its hypodermic or intravenous in- 
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jection, aud is probably due to an alteration in the medullary centres 
rather than in the stomach. The nausea is accompanied by profuse 
salivation and sometimes by perspiration. 

The chief effect of coniine in the frog is a paralysis of the Termina- 
tions of the Motor Nerves similar to that induced by curara. This 
paralysis is elicited only with difficulty in the mammal, but unques- 
tionably occurs to a more or less marked extent. According to some 
researches on the subject, all the symptoms in mammals are due to the 
paralysis of the ends of the motor nerves, while others regard both the 
convulsions and the final failure of the respiration as of ccntml origin. 
It seems likely that while in the frog the symptoms are all due to the 
action on the nerve terminations, some of the phenomena observed in 
mammals are due to central stimulation and to subsequent paralysis of 
the medullary centre of respiration. It is difficult to explain on any 
other theory how the symptoms of coniine |:)oisoning are so diilcrent 
from those of cumra. 

i Coniine acts on the Peripheral Ganglia in the same way as curara. 
According to some writers these are first stimulated and then para- 
lyzed, and there seems to be no question as to th(^ final paralysis, 
whether the preliminary stimulation is present or not. Coniine cer- 
tainly does not act so strongly on the gjinglia as nicotine, and the 
details of the action may, therefore, be left for discussion under that 
heading. (See page 274.) The inhibitory impulses no longer reach 
the heart after large doses of coniine, owing to paralysis of the gang- 
lionic apparatus and stimulation of the vagus nerve has no effect on 
the pulse rate. Some drugs which act on the extreme terminations of 
the inhibitory fibres still slow and weaken the heart, however. Simi- 
larly, stimulation of the cervical symj)athetic no longer dilates the 
pupil, because the superior cervical ganglion is paralyzed. The partial 
dilatation of the pupil in cases of poisoning may, perhaps, indicate a 
similar action on the ciliary ganglion. 

Coniine seems to have but little direct effect on the Heart though 
large quantities slow the rhythm and somewhat prolong the systole in 
the frog (Moore and Kow), and some slowing of the mammalian heart 
has been noted from the intravenous in jection of large (juaiitities. The 
inhibitory mechanism is often found to be stimulated and the pulse is 
accordingly somewhat slow and weak. The paralysis of the ganglia 
on the inhibitory nerve may lead to some acceleration in other (jases, 
but the changes in the heart are not mark(;<l features in the intoxica- 
tion. 

Moore and Uow have observed a very (jonsidcirable tliough transient 
increase in the arterial tension after coniine, and regard it as of pe- 
ripheral origin, for they found that the perfusion of coniine through 
the blood vessels of the frog tends to constrict them, while the direct 
application to the exposed blood vessels has no sucli effect, but rather 
widens their calibre. They are accordingly inclined to regard the rise 
of blood-pressure as due to a stimulation of the ganglionic apparatus 
lying on the course of the vaso-constrictor nerves, 
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The Respiration is generally accelerated and deepened in tlje earlier 
stages of the coniine intoxication, but later becomes slow and labored, 
then weak and irregular, and finally ceases while the heart is still strong 
and the consciousness has just disappeared. The cause of the asphyxia 
is still undecided, many investigators holding that the centre is paralyzed 
before the terminations of the nerves in the diaphragm, while the ma- 
jority of recent investigators look upon the paralysis of those termina- 
tions as the cause of death. 

A curious change has been observed by Giirber in the Blood Cells of 
frogs poisoned with coniine. Numerous small vacuoles appear in the 
red corpuscles, and persist long after the frog shows no further symp- 
toms of poisoning. The nucleus is also somewhat altered, but not so 
characteristically. 

Coniine is rapidly excreted in the urine, so that its action passes off 
very soon even when quite large doses are taken. The treatment of 
coniine poisoning therefore consists in evacuation of the stomach and 
artificial respiration. 

Piperidine acts in the same way as coniine, but more weakly, while 
methyl- and ethyl-piperidine stand between them in toxicity. Many 
of the piperidine alkaloids cause the formation of vacuoles in the red 
blood cells of the frog, and the simpler members of the series act more 
strongly in this direction than the more complex ones, while they are 
much less active as general poisons. 

Pyridine resembles piperidine in most features but does not paralyze 
the ganglia nor increase the blood-pressure. It seems more poisonous 
in frogs, and induces distinct depression of the central nervous system, 
but like piperidine it is only feebly' poisonous in mammals. Pyridine 
is excreted in the urine as methyl-pyridine, a combination between it 
and the alkyl occurring in the tissues. A similar synthesis occurs 
between methyl and telluric acid (see Tellurium). 

Quinoline and isoquinoline cause in mammals a condition of col- 
lapse similar to that seen under the antipyretics and the benzol com- 
pounds. 


Preparations. 

Oonium (U. S. P.), Conii Pructus (B. P.), the dried, full-grown, unripe 
fruit of Conium maculatum, or hemlock. 

Fluidextrachm Conii (U. S. P.), 0.1-0. 5 cx. (2-8 mins.). 

Tinctura Conii (B. P.), J-1 fl. dr. 

Conii Folia (B. P.), the fresh leaves and young branches of Conium mac- 
ulatum, collected when the fruit begins to form. 

, Succua Conii (B. ’P.), juice of hemlock, in which one pari of alcohol is 
added to three of the juice, 1-2 fl, dre. 

Unguentum Conii (B. P.). 

Therapeutic Uses. — Conium has passed into almost complete disuse. 
It has been prescribed in whooping-cough and chorea with doubtful 
results, and has been employed locally and given internally to relieve 
pain. Tetanus and strychnine poisoning have been treated with it 
without apparent results. 
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Oelsemium. 

Gelsemium sempervirens (Yellow Jasmine or Carolina Jasmine) 
contains two alkaloids, Geheniine and Gelmmmnc} (ielsemine forms 
crystalline salts, while gelseminine is entirely amorplious, and, as far m 
is known, does not form any crystalline combinations. Gelsemine is 
only slightly active, inducing the same symptoms in frogs as strych- 
nine, but having no effects on mammals, even when injected into a vein 
in very large quantity. Gelseminine, on the other hand, is a powerful 
poison which resembles coniine in most of its effects. The action of 
the crude preparations of gelsemium is undoubtedly due to gelsemi- 
nine and not to gelsemine, as far as mammals are concerned. Large 
quantities of the extract injected into frogs may, however, increase 
the reflex movements somewhat from the gelsemine they contain. 

Action. — The symptoms of gelsemium poisoning resemble those of 
coniine so closely that the reader may be referred to the description 
given under the latter. Gelseminine differs from coniine chiefly in 
possessing a more depre.ssant action on the central nervous system. In 
the frog the spinal cord is distinctly less active than usual before the 
ends of the motor nerves are paralyzed, and, in fact, the depression of 
the central nervous system seems to be the cause of the general 
paralysis in these animals, rather than the peripheral action, although 
this is always pre.sent. In mammals the symptoms resemble those 
of coniine more closely than in tlic frog, and th(»re may be .some ques- 
tion as to whether the effects are mainiy central or peripheral in ori- 
gin. There is a general con.scnsus of opinion, however, amongst those 
who have worked on the subject, that gelscuni nine proves fatal by para- 
lyzing the respiratory centre rather than the terminations of the nerves 
in the diaphragm and other muscle.s, while most writers now'con.sider 
the asphyxia of coniine poisoning due to the [xjripheral action. The 
symptoms are practically identical, however, and it will probably be 
found that both act on the .same |K)ints in the innervation of the respi- 
ration. In the meantime the question must remain undecided for 
both poison.s. 

The pupil is very widely dilated by gelseminine Avheri a solution is 

■ * Gelsemine is fi-efinently known as gelseminine, a use of the term which leads to 

some confusion, and which is not based on the histoi'y of the drug. 
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applied locally to the eye, much less so in general poisoning, in which 
the respiration generally fails before the pupil is fully dilated. The 
power of accommodation is also entirely lost when gelseminine or gel- 
semium tincture is applied to the eye. This mydriatic efiFect has not 
been explained, but the most plausible suggestion would seem to be 
that gelseminine paralyzes the terminations of the oculomotor nerve in 
the eye in the same way as atropine. Gelseminine differs from atro- 
pine in its behavior to other nerves, however, for it paralyzes the inhib- 
itory cardiac fibres and the chorda tympani through acting on the gan- 
glionic structures on their course and not on the extreme terminations. 
Its action on the ganglia, as far as it is known, resembles that of coniine, 
but it does not cause any increase in the arterial tension, such as is 
observed under this poison. 

Prepaeations. 

Gelsemium (U. S. P.), Gelsemii Radix (B. P.), the dried rhizome and 
roots of Gelsemium sempervirens or nitidum. 

Fluid^xtractum Gekemii ( U. S, P.), 0.3-0, 6 c.c. (5-10 mins.). 

Tinctura Gelaemu (U. S. P., B. P.), 0.3-1 c.c. (5-15 mins.). 

GeUemine ” is an unofficial mixture of the alkaloids in very varying pro* 
portions. In some preparations no gelseminine whatever was found. 

Therapeutic Uses. — The tincture of gelsemium has been employed as 
a mydriatic in ophthalmology, but it presents no advantages over the 
more generally used preparations of atropine, and sometimes causes 
some pain and redness, which has prevented its general adoption for 
this purpose. In certain forms of neuralgia, especially of the facial 
branches of the trigeminus, gelsemium has proved of some value, when 
administered internally as the tincture. 
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Sparteine. 

Another alkaloid which resembles coniine closely in its action is 
Sparteine, wliich is found in the common broom plant (Spartium or 
Cytisus scoparius), along with a neutral substance, Seoparin. Spar- 
teine^ is a pyridine derivative possessing the formula and 

is a fluid, but forms crystalline salts, which are often prescribed instead 
of the crude preparations. 

Action. — Tlie general effects of sparteine are almost identical with 
those of coniine, but it seems very probable that the central nervous 
system is little affected by it, the whole of the phenomena pointing to 
a paralysis of the peripheral terminations of the motor nerves and 
probably of the terminations around the cells of the sympathetic gan- 
glia. Sparteine has more effect than coniine on the heart, which it 

' Sparteine also occurs in the black and yellow lupines along with lupinine. 
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depresses so tliat the rhythm is slow and the contractions weak. 
When injected into a vein, sparteine induces less increase in the arterial 
tension than coniine, probably because the contraction of the vessels 
is counterbalanced by the weakness of the heart. No increase in the 
arterial tension is observed from the administration of sparteine inter- 
nally, and even the slight rise of pressure induced by intravenous in- 
jection is of only short duration. 

The slow pulse and slight rise of pressure observed in experiments 
in animals when sparteine is injected intravenously, have led some 
writers to ascribe to it an action similar to that of digitalis, and at 
one time sparteine was used to some extent as a substitute for the 
latter; both experimental and clinical observations, liowever, go to 
show that these claims are quite unfounded, and sparteine is compara- 
tively little used at the present time, and possesses no properties which 
are likely to reinstate it in favor. 

Sparteine is very much less poisonous than either coniine or gelscmi- 
nine. It proves fatal to animals by paralyzing the terminations of the 
phrenic nerves in the diaphragm. 

Broom tops have long enjoyed a certain reputation as a diuretic, and 
this perhaps strengthened the belief in the virtues of sparteine as a 
heart remedy. The diuresis is not due to the sparteine, however, 
but to the scoparin, which seems to act on the renal epithelium in the 
same way as Uv’^a-ursi and other remedies of that series. The broom 
tops are generally administered in the form of a decoction or infusion, 
and the large amount of water taken along with them may also tend 
to increase the urine and to strengthen the reputation of tlie remedy. 

PkEI'AKATIONS. 

Scoparius (U. S. P,), Scoparii Cacuxnina (K. P.), tluj toi)a of Cytisus sco- 
parius or broom. 

Inf mum Scoparii (B. P.), 1-2 fl. oz. 

Sueem Scoparii (B, P,), 1-2 fl. drs. 

Sparteinss Sulphas (U. S. P.) I 4Hj,0), colorless, white 

crystals with a saline bitter taste, very soluble in water aiul alcohol. The 
dose recommeiulcd by diflereut eliiiiciaiis as of benefit in heart disease varies 
from 0.004-0.8 G. (fg-12 fijrs.) in the course of 24 hours. It may be given in 
doses of 0.1 G. (2 grs.) with perfect safety. 

Uses. — Broom to])s arc used as a feeble diuretic, generally in the 
form of a decoction (16 (j. in 250 c.c. of water, ov J oz. in a half pint 
in divided doses in 24 hours), or infusion (B. 1\). Sparteiixj has been 
advised in heart disease, but is of no value here. It has also been 
proposed to paralyze the terminations of the vagus with it before 
the administration of chloroform, the object being to avoid the reflex 
syncope, but a small dose of atropine would be preferable. It has also 
been sugge.sted as a .iocal anaesthetic in ophthalmology, but has only a 
feeble action. 
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XL NICOTINE AND LOBELINE. 

Nicotine, the well-known alkaloid of tobacco (Nicotiana tabacum), is 
a volatile fluid, possessing a strong alkaline reaction, and forming salts 
with acids, most of which are amorphous. It is a combination of 
pyridine with a hydrated pyrrol ring as shown by the structural 
formula — 



N 


Nicotine is the only constituent of tobacco which . possesses any 
toxicological interest, although several other alkaloids are present in 
comparatively small amounts. It is accompanied by a volatile oil in 
dried tobacco, but this is only developed during the processes of pre- 
paration and seems to have no action apart from that of the other vola- 
tile oils. The odor and flavor, and probably the ‘‘strength,” of to- 
bacco depends in part upon the quantity and quality of this oil, in part 
on some products of the decomposition of nicotine. Absolutely pure 
nicotine has comparatively little odor, but it decomposes when kept, 
becomes dark colored and acquires the characteristic odor of tobacco. 

Another alkaloid which is practically identical with nicotine in its 
pharmacological action is Piturine (C^jjHjgN2), which is derived from 
the pituri plant (Duboisia Hopwoodii). The leaves of the pituri are 
said to be used by the Australian natives in the same way as tobacco 
by the civilized races. 

Lobeline (CjgH 23 N 02 ), an alkaloid obtained from Lobelia inflata or 
Indian Tobacco, resembles nicotine very closely in its action, and may 
be discussed along with it. 

Tobacco is not used in therapeutics, but is of great hygienic im- 
poi;tance, and nicotine possesses (jonvsiderablo biological interest from 
the results obtained by Langley by its use in physiology in recent years. 
Lobelia has a somewiiat restricted field of usefulness in therapeutics, 
in which it is prescribed in asthma. These alkaloids act chiefly on the 
central nervous system, the sympathetic ganglia, and the terminations 
of the motor nerves. 

Symptoms. — Poisonous doses administered to man or other mam- 
mals cause a hot, burning sensation in the mouth, which spreads down 
the eesophagus to the stomach, and is followed by salivation, nausea, 
vomiting and sometimes purging. The breathing is quick, deep aud 
labored, and is often accompani^ by moist r^les. The pulse is gen- 
erally slow and somewhat weak at first and then becomes very rapid, 
but after very large doses may be first accelerated and then slow and 
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feeble. Some mental confusion, great muscular weakness, giddiness and 
restlessness are followed by loss of coordinating power and partial or 
complete unconsciousness. 

Clonic convulsions set in Fig. 24. 

later, accompanied by fibril- 
lary twitching of various 
muscles, and eventually a 
tetanic spasm closes the 
scene by arresting the res- 
piration. In other instances 
the convulsions are followed 
by complete relaxation of 
all parts of the body, the 
reflexes disapj^ear, the res- 
piration becomes slow and 
weak and finally ceases, the 
heart continuing to beat 
for some time afterwards. 

Very large doses of nico- 
tine may prove fatal within 
a few seconds ; the symp- 
toms are those of sudden 
paralysis of the central 
nervous system including 
the respiratory centre, and 
no convulsions are de- 
veloped. 

In the frog the same ex- 
citement and violent convul- 


sions arc seen as in. mam- 
mals, but the respiration 
soon ceases, and there fol- 



Dia^ram of the roKulatirif; iiorvus of tlio lioart. P, Inhll)- 
itory libroH ariHifiK in tlir vagiia contro in the iiiorl ill la ob- 
longata and terniinaling around ganglion cellHiii the auricle 
(yl ). The axia cyi I inlcr.s issii I iig froni tlicfeu eel I m terniinato 
on ilie niuHciiiur fibres of the unrielo and veiitriele ( K’). /£, 

accelerator fibres isKiiing from the spinal eord and terml- 
ijutiiig around ganglion cells in the stellate ganglion (/. The 
axiK nhresof these ganglion cells run throiiglitho Amnilnit 
r/V'7/.«.yc»/e and terminate on the muscular fihrcH of the aiiri- 


lows a cataleptic^’ stage 
in which the animal assumes 
a characteristic attitude. 

The fore legs are crossed in 

■frr-.nf ilm cforniim onrl de and vent riclo. A', A" points at whieli cowyh//;, 

iroili; ox inC bltymm, <UIU ai^-Uio KHi.gUon wUh wirnnindw^ l.y tlio 

are rifi'‘id. the thimis arc at terminations of the nerves. .1/, points at which vum'.arim 
, - ® P . - atntjfint' act— the termirialiom* of the lihres which arise 

right angles to the axis ot fn-m the Intra-canliac ganglia, 
the body and the legs are 

flexed on them but are not rigid. When a leg is drawn down it at 
once returns to its original position, and the frog still attempts to 
escape when it is aroused. Fibrillary contractions are observed in 
many of the muscles. Somewhat later, the reflexes disappear, the 
muscles become flaccid, and eventually complete jiaralysis occurs from 
a curara-Iike action on the terminations of tlu? lu^rves. 

Nicotine lias but little toxic action on the lowest invertebrates, but 
as the nervous system begins to be diffcreiitiabifl it causes paralysis, 
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and still higher in the scale the paralytic action is preceded by a stage 
of stimulation. 

Oirculation. — The action on the circulation is extremely complex, 
as a number of factors are involved. After moderate quantities the 
heart is slow and may stand still in diastole for a few seconds, but then 
recovers gradually and regains its former rhythm or becomes somewhat 
quicker. The slow pulse is due to stimulation of the ganglia on the 
vagus nerve (Fig. 24, N)^ exactly the same effects being produced as 
by stimulation of the vagus fibres in the neck. It is not affected by 
section of the cervical pneumogastric, as the path from the ganglia to 
the cardiac muscle fibres is still intact, but on the other hand, it is pre- 
vented by atropine, which acts on the extreme terminations of the in- 
hibitory fibres, and therefore blocks the passages of impulses from the 
ganglia to the muscle. It is also prevented by a number of drugs, such 
as curara and coniine, which paralyze the ganglia. 

This stimulation of the ganglia is of but short duration, soon passing 
into paralysis, which obstructs the passage of the inhibitory impulses 
from above. On stimulating the vagus after nicotine there is conse- 
quently no slowing of the heart but often some acceleration, due to the 
fact that the accelerating fibres running along with the inhibitory in 
the vagus nerve have no ganglionic apparatus in the heart, and are 
therefore unaffected by nicotine. Although inhibitory impulses can 
no longer reach the heart from above, the intracardiac inhibitory 
neuron is still intact, and stimulation of the venous sinus in the frog 
still causes arrest of the heart exactly as in the normal animal. The 
stimulating current here reaches the inhibitory nerves beyond the 
paralyzed ganglia (Fig. 24, X\ and these preserve their usual irrita- 
bility. In the same way a number of poisons which act upon 
the extreme terminations of the inhibitory fibres in the heart muscle 
(Fig. 24, M) can slow the rhythm even after the ganglia have been 
paralyzed by nicotine (see the Pilocarpine and Muscarine group). The 
results of the stimulation and subsequent paralysis of the ganglionic 
structures on the inhibitory fibres by nicotine are the preliminary slow- 
ing and subsequent slight acceleration of the heart rhythm seen in both 
cold- and warm-blooded animals In larger doses nicotine produces 
no slowing of the heart, owing to the ganglia being paralyzed imme- 
diately, without previous stimulation. 

In addition to its action on the peripheral inhibitory ganglia, nico- 
tine seems to stimulate the vagus centre in the medulla, as the slow- 
ing is greater when the vagi are intact than when they are divided. 
But apart from this action on the inhibitory apparatus, nicotine pos- 
sesses some direct action on the heart muscle, which appears to be first 
stimulated and then depressed. Accordingly, when the inhibitory appa- 
ratus has been previously paralyzed, moderate quantities increase the 
rate of the heart beat" considerably, while very large ones slow and 
weaken it. It has been supposed that this quickening is due to action 
on the accelerator (?eutre, or on the ganglia on the course of the sym- 
pathetic accelerator fibres Fig. 24), but this seems iiot to be the 
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only cause, for Wertheimer found the acceleration continue even after 
extirpation of these ganglia. The quickening must be attributed 
in part, or wholly to action on the cardiac muscle, or on the termina- 
tions of the accelerator nerves in it. The subsequent slowing and weak- 
ness is undoubtedly due to a paralyzing action on the muscle itself. 

On the injection of nicotine into a vein or subcutaneously an im- 
mense augmentation of the arterial tension occurs ; this may be due 
in part to stimulation of the vaso-constrictor centre in the medulla, but 
is to be ascribed chiefly to peripheral influences, for it has been ob- 
served after section and even after total removal of the spinal cord. 
The vaso-constrictor nerves pass through ganglia on their way to the 
V vessels and the rise of the blood-pressure seems to be mainly caused 
by a stimulation of these ganglia. 

The constriction of the vessels can be observed in many parts of the body 
— mesentery, foot, rabbit^s ear, etc. In these parts the pallor produced by 
the narrowing of the vessels is followed by i*edness and congestion owing to 
the paralysis of the ganglia, and at the same time the pressure falls to a 
level somewhat below the nornml. In stnne parts of the body no constric- 
tion of the vessels o(;curs ; for example, the dog’s lip and mouth are con- 
gested first and then become pale. This flushing seems partly due to the 
stimulation of the ganglionic apparatus on the vaso-dilator fibres for these 
parts, but cannot be wliolly explained thus, for it o(H*urs also after removal 
of the superior cervical ganglion, although to a less marked degree. It may 
therefore be caused in part by direct action on the vessels. 

After a few minutes the blood-pressure falls to the normal level or 
lower, but a second injection again produces a similar rise in the arterial 
tension, unless the first was large enongli to paralyze the ganglia. 
Eventually nicotine lowers the blood-pressure owing to the weakening 
action on the heart, 

Bespiration. — The resj)iration is at first ra[)id and shallow with some 
deficiency in the exjnratory movements, but after a time, while main- 
taining the acceleration, it becomes deeper. It is liable to be interrupted 
at this stage by the convulsions, but if these do not prove fatal, it 
gradually becomes slower while remaining deep. liater, pauses in the 
position of expiration appear, and the movements become weaker until 
they disappear, the animal <lying of asphyxia. The rapid, shallow 
movements in the beginning of the intoxication arc absent in animals 
in which the pneumogastric nerves have been previously divided, so 
that this phenomenon appears to be due to the alkaloid acting as an 
irritant to the pulmonary branches of the j)neiimogastric. The later 
features arc caused by its acting on the respiratory centre directly, first 
stimulating and then paralyzing it. After large doses this direct action 
alone may be elicited. The paralysis of the respiration is the cause 
of death, the heart continuing to beat for some time afterwards al- 
though slowly and weakly. 

The bronchial muscle rclaxe-s after a transient constriction when 
nicotine or lob(Jine is ingested, tlics<‘ changes being brought about by 
stimulation and sul).se(iuent depre-ssioii of the ganglia on the er>tirse of the 
innervating fibres. The dilatation of the l>ronehi is more marked when 
they have been previously in a state of constriction (Dixon and Brodie). 
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Mc^t of the Secretions are increased temporarily by nicotine. The 
glands investigated have generally beet .the salivary, where it is found 
that the secretion is increased by the injection of small quantities, but 

is afterwards depressed, while large 
Fio. 25 . doses diminish it at once. The seat 



Diagram of the Innervation cf the sub- 
maxillary gland. P, a fibre of the chorda 
tynipani issuing from tlie pons Yarolii 
and aher a devious course terminating 
around a ganglion cell in the hilus of the 
submaxillarv gland. The axis from this 

O lion cell runs to the secretory opi- 
um. P, a fi bre issuing from the spinal 
cord and after running through the sym- 
pathetic chain in the neck, terminating 
around a ganglion cell in the superior cer- 
vical ganglion G. The axis from this cell 
runs to the secretory epithelium. In the 
diagram the nerves are represented as 
running to separate acini. N', gang- 
lion cells surrounded by the termina- 
tions of the nerves~the points at which 
nicotiw. acts. the terminations of the 
secretory fibres connected with the chorda 
tympaiii — the points at which atropiiutj 
mv^carine, tn^pilocarpim act. 


of action is again the ganglionic ap- 
paratus on the secretory nerves. If 
the chorda tympani be stimulated in 
the normal animal a large secretion 
of saliva at one follows, but if a 
sufficient quantity of nicotine be in- 
jected no such effect follows its 
stimulation. If, how^ever, the nerve 
fibres be stimulated between the 
ganglion cells and the gland (at 
X in Fig. 25), the secretion again fol- 
lows as before. On the other hand, 
nicotine increases the secretion whether 
the chorda be intact or not, but ceases 
to act if the connection between the 
ganglion cells and the gland be inter- 
rupted. These results can only be in- 
terpreted by nicotine first stimulating 
and then paralyzing the ganglia on the 
course of the chorda tympani. In the 
same way it first stimulates and then 
paralyzes the ganglia which lie in the 
course of the sympathetic salivary 
fibres. Pilocarpine and muscarine 
cause profuse salivation after nicotine, 
because they stimulate the terminations 
of the nerves in the gland cells, and it 
is therefore immaterial whether the 
connection with the central nervous 
system be interrupted or not. On the 
other hand, the reflex secretion of saliva 
normally produced by irritation of the 
mouth or by chewing is prevented by 
nicotine. Atropine stops the secretion 
produced by nicotine by paralyzing the 
extreme terminations of the nerves. 

The other secretory glands are affec- 
ted in the same way by nicotine, and 
although the details have not been 


worked out so carefully as for the sali- 
vary glands, there is no question that their secretions are first in- 


creased by the stinpiulation of the ganglia on the course of their 
secretory nerves, and then lessened by their paralysis. Thus the 
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sweat secretion is found to be markedly increased, as also the 
secretion of the bronchial mucous glands. The urine and bile have 
not been shown to be affected by nicotine, and as their secretion does 
not seem to be so dependent upon nervous influences, it is probable 
that it is but little changed in amount. 

Nicotine produces extreme Nausea and Vomiting when taken even 
in comparatively small quantities, a fact which is generally recognized 
by tyros in smoking. This may be in part central in origin, but is 
mainly due to the powerful contractions of the stomach walls. This 
contraction extends throughout the intestinal tract, so that repeated 
Evacuation of the Bowel occurs. 

Somewhat larger quantities may lead to a tetanic contmetion of the 
whole intestine with almost complete obliteration of the lumen. This 
exaggeration of the peristaltic contraction is probably due to stimula- 
tion of the motor nervous apparatus in the intestinal wall, and a subse- 
quent paralysis of these structures lejids to a failure of local stimuli to 
induce peristalsis. A further effer^t of nicotine in the bowel is due to 
its stimulating the ganglia on the fibres of the s])lanchiiic which 
inhibit the rhythmicial pendulum movements. These arc* arrested by 
the injection of nicotine, but return in exagge*!^^*!! fV)rrn as the gan- 
glionic stimulation passes into paralysis. The m(*senteric vessels are 
narrowed at first from stimulation of the ganglia on the course of the 
vaao-constrictor nerves, but congestion follows the de|)ression of these 
ganglia and the consequent fall in blood-pressure. 

Similar changes are produced by nicotine in the bladdcu* and uterus, 
both of which are thrown into tetanic (»oiitnu;tion. The urine is there- 
fore expelled very soon after the injection of nicotine, and this probably 
gave rise to the erroneous view that the renal secretion was increased. 

The action of nicotine on the Pupil varies in different animals, for 
while in the cat and dog its application cither intravenously or locally 
produces marked but transitory dilation, in the rabbit partial con- 
striction sets in immediately. In cjises of acuta poisoning in man con- 
traction is generally seen at first and is followed by dilatation. In 
birds nicotine causes very marked contraction of the pupil, apparently 
owing to direct action on the muscles of the iris. The size of the pupil 
is regulated by two sets of nerves, the motor oculi and the sympathetic, 
and the ciliary fibres of both of these anj interru]>ted by ganglia in 
their passage from the brain to the iris, those of the motor oculi by the 
ciliary ganglion, those of the sympathetic by the superior cervical 
ganglion (see Fig. 26, p. 287) ; the varying effecjts of nicotine may 
be due to its stimulating the one ganglion more strongly in one species 
of animals, the other in another. It is found, however, that atro- 
pine does not remove the effects of nicotine on the rabbit’s eye, which 
would seem to indicate an action on the muscular fibres of the iris. 
Several other effects on the orbital muscles are seen ; thus in cats 
and dogs the nictitating membrane is withdrawn, the eye opens and is 
directed forwards, while in the rabbit these symptoms are preceded by 
a stage in which the nictitating membrane is spread over the cornea 
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and jy;ie eye is tightly closed. These are probably produced by action 
on the superior cervical ganglion. 

Nicotine, then, first stimulates and later paralyzes all the Sympa- 
thetic Ganglia, whether applied locally to them or injected into the cir- 
culation. In these ganglia, the characteristic formation is the basket- 
like arrangement of the terminations of the entering nerve, which 
surround a large nerve cell from which an axis cylinder runs to the 
muscle or secretory cell. A nerve impulse from the central nervous 
system passes from the basket to the cell and thence to the periphery. 
Langley has recently shown that small quantities of nicotine stimulate 
the cell of the peripheral neuron, for the same effect is obtained from 
the application of the poison to the ganglion whether the basket-like 
terminations round the cell are normal or have degenerated. This 
renders it probable that the paralysis of the ganglia observed from 
larger quantities of nicotine is also due to action on the cell and not on 
the terminations. 

In the frog nicotine produces fibrillary contraction of the muscles, 
which is not prevented by previous division of the nerves leading to 
them, but disappears on the injection of curara ; on the other hand, the 
paralysis of the motor terminations by curara may be partially removed 
by small quantities of nicotine. This indicates that the fibrillary con- 
tractions arise neither from action on the central nervous system nor 
on the muscle itself, but from stimulation of the terminations of 
the motor nerves. These terminations are subsequently paralyzed if 
the quantity injected be large enough. In mammals the twitching of 
the muscles is prevented by section of the nerves, and is, therefore, due 
to central action, but large quantities of nicotine cause paralysis of the 
nerve ends exactly like curara. The nerves of the orbital muscles are 
found to be paralyzed sooner than those of the rest of the body. 

Nicotine does not seem to act on Muscular Tissue in general, 
although some obscure symptoms have been ascribed to changes in the 
cardiac and iris muscle. 

The convulsions seen in both cold- and warm-blooded animals evi- 
dence the influence of nicotine on the Central Nervous System. The 
spinal cord is thrown into a condition of exaggerated irritability, and 
the reflexes are correspondingly increased, but the convulsions do not 
seem to be due so much to the spinal cord as to the medulla oblongata 
and hind brain, for they are not tonic but clonic in character, and are 
much weaker after division of the cord immediately below the medulla 
than in the intact animal. The medullary stimulation also betrays 
itself in the rapid and deep respiration, and is perhaps in part respon- 
sible for the inhibitory slowing of the heart and the rise in the blood- 
pressure. The higher centres in the brain seem to participate but 
little in the stimulant action of nicotine, which is short-lived, and 
soon gives way to marked depression of the whole central nervous 
system, manifested in the slow respiration, the low blood-pressure, the 
disappearance of the reflex movements and the final unconsciousness. 

The Excretion of nicotine is probably carried on mainly by the 
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kidneys^ for.it is found in the urine very soon after it enters the b]||pd. 
It has also been detected in the saliva and perspiration. It has been 
shown repeatedly that nicotine and some other alkaloids are weakened 
in toxic eflTect or rendered entirely inactive by being mixed with an 
extract of the liver or of the suprarenal capsules ; but no satisfactory 
explanation is forthcoming, though there is every reason to suppose 
that much of the nicotine absorbed from the stomach and intestine is 
thus modified in its passage through the liver. 

When small quantities of nicotine am ingested repeatedly, the body 
soon gains a certain Tolerance, and no symptoms whatever are pro- 
duced by doses which would in ordinary cases produce grave poison- 
ing. A familiar example of this tolerance is seen in the practice of 
smoking. The first use of tobacco is in the great majority of indi- 
viduals followed by vomiting and depression which may even amount 
to collapse, but ufter a few experiences no symptoms follow smoking, 
owing to the cells of the body becoming tolerant of the poison. In 
some individuals no siicli tolerance is developed, and in every case the 
tolerance is much more limited and more difficult to acquire than that 
for morphine. In animal experiments it is often found that while 
one application of niwtiiie produces considerable^ gauglionu^ stimula- 
tion, the second has mudi less effect. This is ]>rohahly due not to the 
establishment of tolerance, hut to the first dose liaving produced 
primary stimulation and then depression of the ganglia, this depression, 
while not amounting to complete pai'alysis, l^eing suflicitait to (counter- 
act to some extent the stimulant action of the second injection. 

Nicotine and Piturine are not used in therapeutics. Tobacen) was 
formerly employed in the reduction of intestinal liernia, and for this 
purpose was injected into the rectum in the form of an infusion. Sev- 
eral cases of poisoning and the introduction of general aiuBstiiesia led 
to its disuse. 


Tobacco. 

Tobacco had been in use among the aboriginal tribes of America 
before they became known to civilization. It was introduced into 
Europe soon after the discovery of America, and its use as an article 
of luxury, beginning in England, soon spread to the (MMitineiit, and in 
spite of papal bulls and numerous efforts on the part of the secular 
authorities, has continued to enthral a considerable portion of the 
human race. The most widespread use of tobacco — smoking — is also 
the most ancient one, having been that of the aboriginal Indians. 
Snuff-taking, introduced by Francis II. of France, remained fashion- 
able for a long time, but is now almost obsolete. Tobacco-chewing 
is a more modern development, but shows no signs of abatement. 
Curiously enough, the leaves of the pituri plant, which, as has been 
mentioned, contain an alkaloid nearly alliefJ to nicotine, are formed 
into a mass and chewed by the natives of Australia. In smoking, 
snuffing or chewing, nicotine is absorbed. It has been stated and the 
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statement has received an undeservedly wide circulation, that tobacco 
smoke contains no nicotine but merely the products of its decomposi- 
tion ; but as a matter of fact, tobacco smoke, whether from cigars or. 
pipes, contains a certain amount of the alkaloid itself, along with pyri- 
dine and many of its compounds. The amount of nicotine in tobacco 
smoke cannot be definitely stated, as it depends on the kind of tobacco, 
as well as on the way in which it is inhaled ; but only a small propor- 
tion of that contained in tobacco passes over in the smoke. In snuff 
the nicotine is generally small in amount, while in chewing tobacco 
there is generally a varying amount of foreign matter, such as molasses. 
The enjoyment derived from the use of tobacco has never been ex- 
plained, and it is not even proved that nicotine is essential to the 
pleasurable results ; consideration of the pharmacological effects of 
nicotine gives no clue, for these are of the opposite nature. It has 
been suggested that smoking gives repose and thereby improves intel- 
lectual work, but this is denied by many habitual smokers. It has 
also been stated and denied that the mental energy is reduced by the 
use of tobacco, and an attempt has been made to demonstrate this by 
measuring the amount of work done with and without tobacco ; but 
investigators are not agreed on the results, which probably depend 
largely upon the. individual. One fact is certain, that the tobacco habit 
cannot be compared with the use of such drugs as morphine, cocaine, 
or alcohol, for it is not taken with the purpose of producing stimulation 
or depression of the central nervous system, and it seems doubtful 
whether the nicotine ordinarily absorbed really has any action wliatso- 
ever. Perhaps the local effects on the mouth, nose and throat play a 
larger part in the effects of tobacco than is generally recognized. A 
certain amount of rhythmic movement demanding no exertion seems 
in itself to have a soothing, pleasure-giving effect, for it is otherwise 
impossible to explain the satisfaction enjoyed by many in chewing 
tasteless objects, such as gum or straws. A curious fact which tends 
to show that tobacco smoking is not carried on for the sake of the 
nicotine absorbed is that the pleasure derived from a pipe or cigar is 
abolished for many persons if the smoke is not seen, as when it is 
smoked in the dark. 

Most people may indulge in the moderate use of tobacco for many 
years with perfect impunity, but its excessive use is followed in many 
individuals by a number of symptoms, some of them trivial, others 
indicating grave changes in important organs. 

One of the commonest effects of overindulgence in tobacco is a chronic 
inflammation of the throat and upper parts of the respiratory passages, 
leading to hoarseness and excessive secretion of the mucous glands. 
This is explained by the constant application to the throat of an irri- 
tant, alkaline vapor, and is probably not due to the specific action of 
nicotine. A similar irritated condition of the tongue is frequently met 
with, more especially when the hot vapor is directed especially on one 
part, as in pipe smoking, and it is sometimes stated that the constant 
irritation thus produced renders the tongue and lip more liable to can- 
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cerous disease. Dyspepsia, want of appetite, and consilient loss of 
flesh may also be explained by the local irritation produced by the 
nicotine swallowed in the saliva. A common result of the abuse of 
tobacco is palpitation and irrej^nlarity of the heart, which has been 
attributed to changes in the inhibitory mechanism. Another inijiort- 
ant symptom is dimness of vision, especially for c'olors, and imperfect 
accommodation, which may go on to cMimpletc blindness in one or both 
eyes. In early cases the retina often appears pale, and if the condition 
persists, atrophy of the optic nerve may result, probably following on 
degenerative changes in the ganglion cells of the macular region of the 
retina. The hearing is said to be affected by excessive smoking, but 
the symptoms are indistinct and variable. Nervous symptoms such as 
tremor, exaggeration of the reflexes, headache and giddiness are some- 
times developed in workmen in tobac,co factories, but they do not seem 
to be induced by smoking or chewing tobacco, though depression, muscu- 
lar weakness and giddiness are sometimes cornplaineil of. In the groat 
' majority of cases of chronic tobacco poisoning, the symptoms disajipear 
on abandoning the habit, or even on restricting the daily consump- 
tion. A series of subjective and even objective symptoms arc sa'd to 
be induced in neurotic subjects by the sudden withdrawal of tobacco. 

Esser has recently stated that chronic nicotine poisoning in animals 
induced marked disturbaiK^e of the heart, and that degeneration of tlui 
vagus fibres arc recognizable histologically ; changes have also been 
found in the nerve cells of the spinal cord and sympathetic ganglia 
similar to those described under chronic alcoholic poisoning. 
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Lobeline. 

Lobeline the alkaloid of Lobelia inflata or Indian 

Tobacco, possesses almo.st exactly the same action as nicotine (Edmunds). 

PUEPARATIONS. 

Lobelia (U. S. P., B. P.), the leaves and to]>Bof Lobelia inflata, U, S. P., the 
dried herb, B. P. 

Fluidextmctum Lobelue (U. »S. P. ), 0.06-0..^ c.c. ( J -5 mins. ). 
mefura Lohdim (U. S. P.), 0.6-4 c.c. (10-60 mins.). 

Tinctura Lobelicd JEtherm (B. P.), 5-15 miiiK, 
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Therapeutic Uses. — Lobelia was formerly used as an emetic, but is eitceed- 
ingly depressant and unreliable, and if vomiting does not occur is liable to give 
rise to the most alarming symptoms of poisoning. The only condition in which 
it is now used at all is spasmodic asthma, which appears to arise from parox- 
ysmal contraction of the bronchial muscles. Its action certainly supports this 
use of the plant, but perhaps it aids in these conditions as much by the increased 
secretion of the mucous membranes owing to the, nausea as through its action 
on the motor nerves of the bronchial muscles. Its effects must be carefully 
watched, as the preparations seem to vary in strength, and numerous alarming 
symptoms and even fatal results have followed its use. 
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XII. THE ATROPINE SERIES. 

The atropine series contains a number of very closely allied alka- 
loids^ of which the chief are Atropine^ Ilyoacyamine and Ilyoscine or 
Scopolamine. They are found in several plants of the Solanacete order, 
and in most cases several of them occur together. 

Atropine may be broken up by the action of alkalies into an alka- 
loid, Tropine, and Tropic Add. The former is a pyridine compound . 
very closely allied to Ecgonine (see cocaine) as may be seen by its 
structural formula, while the latter is an aromatic acid. 


Atropine. 

Tropine radicle. Tropic acid radicle. 

CHj,-CU CHj 

I tccujijHo-co— 

CHjj-CH — cHj hupn 

Atropine and hyoscyamine are isomers, and in fact atropine has 
recently been shown to be racemic hyoscyamine. That is, atropine is 
a loose combination of hyoscyamine with another isomeric body, 
dextro-hyoscyamine, which differs from the ordinary or Imvo-hyoscy- 
arnine in the direction in which it rotates a ray of polarized light. 
The combination of these two hyoscyamines to form atropine exists 
only in the solid state ; as soon as atropine is dissolved it separates 
into equal quantities of dextro- and lievo-hyoscyamine. The action 
of atropine is thus compounded of the action of these two bodies, 
which differ very greatly in their pharmacological effects, although 
they are almost identical in their reactions to chemical reagents. Hyos- 
cyainine is very readily changed to atropine, and this generally occurs 
to a large extent in the process of extraction from the plants. 

Scopolamine (hyoscine) was formerly supposed to be another isomer 
of atropine, but has lately been shown to differ slightly in its formula, 
which is It is very closely allied to atropine, and is 

decomposed into, tropic acid and Scopoline (Oseme), which was formerly 
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supposed to be isomeric with tropine, but has been shown to differ 
from it in the number of hydrogen and oxygen atoms. 

A number of other alkaloids have been described in ditlerent plants, generally 
associated with one or more of those already mentioned. But on examination 
these have generally proved to be mixtures of atropine, liyoscyainine and hyos- 
cine. Thus the Dvhoi»in€ of Duboisia niyoporoides, the ilandrtigorine of Man- 
dragora (Mandrake) and the Daturim of Datura stramonium have all failed to 
maintain their position as new bases and have proved to be mixtures of the 
established alkaloids in varying proportions. Atropammey a new alkaloid found 
by Hesse in some species of Belladonna, differs slightly in formula from atro- 
pine, from which it may be formed by the application of heat ; it is decomposed 
into a substance which is isomeric with tropine, but which diflers from it in 
some respects and which has been called /i-fropine. Atropamine is isomeric but 
not identical with JBelladonnifiey which is a compound of yet another isomer of 
tropine, bdlatropme. Pseudo- hyosepamine is said to differ from atropine, and 
hyoscyamine in some of its chemical relations, but has not been the subject of 
much work as yet. AfrosHne is isomeric with scopolamine, and the sjime rela- 
tion appears to exist between them as bi^tweeii atro])ine and hyoscyamine. 

After afcro})iiie had been found to be a compound of tropine and 
tropic acid, a number of other acids w^cre attached to tropine in the 
same way as tropic acid. These artificial alkaloids are known as Tm- 
peiruis, and in action resemble atropine in some points while differing 
from it in othere. Further study of the action of these tropeines is 
exceedingly desirable, and promises to be of considerable value in 
practical therapeutics. The only artificial trojmine which has as yet 
been used in medicine is the compound of tropeine and oxytoluic acid 
known as Ilomafropine. Scopoimm have been formed by substituting 
other acids for the tropic acid of scopolamine, but none of them has 
proved of value in therapeutics as yet. 

It must be understood that the combination of tropine and its allies 
with tropic acid does not partake in any way of the nature of the com- 
bination of an ordinary alkaloid, such as morpbin(», with an acid. The 
bond is the much closer one seen in the comjmund ethers, and the 
resulting substance is alkaline and combines with acids to form salts 
exactly as other alkaloids do. 

The chief plants containing these alkaloids are the following : 
Atropa Belladonna (Deadly nightshade), containing varying quantities 
of hyoscyamine and atropme,^ Ijyosciiie, and sometimes atropamine and 
belladonnino. 

Hyo.scyamns niger (Henbane), containing hyomyamine and hyomine^ 
with smaller quantities of atropine. 

Datura Stramonium (Thornapple), containing atropine^ hyoHcyamine, 
and some hyoscine. 

Of less importance are: 

Duboisia myoporoides, containing byoscine and hyoscyamine, together with 
’ pseudo-hyoscyainine and other alkaloids. Another species of Duboisia contains 
piturine, an alkaloid nearly allied to nicotine. 

Scopola atropoides, containing hyoscyamine and hyoscine, and perhaps small 
quantities of atropine. 

* The relative piYiportion of atropine and by«;iKcyan]ine in all thef«e plants is not 
■ known, as hyoscyamine is very often changed to atropine in the process of extraction. 
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Mandragora auturanalis, or Atropa mandragora (Mandrake), containing hyos- 
cyamine with traces of other alkaloids. 

A number of other Solanaceae — e. g,, tobacco and potato leaves, are said 
to contain small quantities of one or other of these alkaloids but the 
quantity present here is too small to be of any importance. A ptomaine 
formed by the decomposition of fish and meat and known as ptomatropino 
also produces symptoms closely resembling those of atropine poisoning, but 
has not been isolated as yet. 

These alkaloids all resemble each other closely in the effects pro- 
duced by them in animals. Some differences in the symptoms exist, 
however, and the action of atropine alone will first be described and 
later the points in which that of hyoscyamine and of hyoscine differ 
from it. 

Atropine acts as a stimulant to the central nervous system and 
paralyzes the terminations of a number of nerves, more especially those 
that supply involuntary muscle, secretory glands and the heart. 

Symptoms. — In man and the higher animals small toxic doses cause 
dryness of the skin and tliroat, thirst, difficulty in swallowing and 
hoarseness in speaking. There is often nausea and in some cases 
vomiting, headache and giddiness ; the pupils are wider than normal 
and the sight may be indistinct, especially for near objects. The res- 
})iration and pulse are quickened, or the latter may at first be some- 
what slowed. A symptom that is often present, though by no means 
invariably so, is redness of the skin, more especially of the head and 
neck ; the conjunctiva may also be congested. After larger doses 
the same symptoms are observed, but are soon followed by others of 
graver import. The patient can no longer swallow, although suffering 
from intense thirst, the heart is generally extremely rapid, speech is 
difficult and hoarse, and the pupils are dilated until the iris almost dis- 
appears. Restlessness and garrulity point to an increase in the irri- 
tability of the brain ; the patient at first talks in a perfectly normal 
way but soon becomes confused, begins a sentence and does not finish 
it, often bursts into laughter or tears, and in short becomes delirious 
and eventually maniacal. Often marked tremor of different muscles 
may be observed, and eventually convulsions set in and may be the 
cause of death through the failure of the respiration. As a general 
rule, however, the stage of excitement passes into one of depression, 
the patient sinks into a sleep, which deepens into stupor and coma, 
the respiration and heart become slow, weak and irregular, and death 
eventually occurs from asphyxia. 

In the frog the injection of small quantities of atropine is followed by 
a stage of increased reflex excitability, exactly resembling that seen under 
strychnine. It is generally of short duration, however, and is followed 
by a stage in which the frog lies motionless and does not react to stim- 
ulation in any way. After a variable time, sometimes a few hours, 
oftener several days, a return of the first symptom occurs, the reflex 
being much exaggerated and the tonic convulsions described under 
strychnine being generally developed. This stage slowly passes off 
and the animal again becomes normal. 
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Action. — ^These symptoms botli in mammals and amphibians indi- 
cate stimulation of the Central Nervous System followed by depression. 
Those observed in man sometimes resemble those seen in the excite- 
ment stage of alcoholic poisoning, and it has been suggested that in 
both the cause is rather a lessening of the control normally exercised 
by the higher powei*s over the lower motor areas than a true stimula- 
tion of the latter. But this is shown to be incorrect by the fact 
that in atropine poisoning the motor area is more easily stimulated 
by the electric current than normally. The stimulant action of atro- 
pine is also seen in the increased reflex response to irritation of the 
skin, as well as in the augmented activity of the centres in the medulla. 
The nervous symptoms under atropine, therefore, arise Iroin true stim- 
ulation of the central nervous system, but they are wholly diflerent 
from those produced by strychnine, because the latter acts more espe- 
cially on the lower parts of the nervous axis, while atropine acts more 
strongly on the higher divisions. The most marked symptoms of 
strychnine poisoning arise from the spinal cord and m<‘dulla oblongata, 
and consist in increased reflex movements and convulsions, while 
those caused by atro|)inc are rather to be relerred to the brain, ai(d 
consist in increased coordinated movements, such as talking and 
delirium, the exaggerated reflex being of minor im))ortan(^e. In the 
frog the same effects arc produce<l by eacth, because the higher 
parts of the central nervous system being less d(‘velop(*d than in the 
mammals, the first symjUoms produced are those arising from the cord. 

Atropine differs from caffeine, on the other hand, in its effect on the 
brain, for under the latter the psychical functions ar(» those affected 
first of all. It would seem probable, then, that each of these three 
stimulates the whole of the central nervous system more* or less, but 
that wdiile strychnine acts more strongly on the lower divisions, the 
spinal cord and medulla, and caffeine on the highest functions, the 
psychical, atropine occupies a midway position, and cxer(ds(*s its chief 
action on the motor divisions of the brain. These are rendered so ex- 
citable that the controlling areas can no longer keej) them in check, and 
an increase in movement occurs somewhat restanbling that seen when 
the controlling areas are paralyzed by alcohol, 'iflie stimulant action 
spreads downwards when large quantities have b(‘en absorbed, and 
involves the medulla oblongata and spinal (iord, so that symptoms 
resembling those seen in strychnine poisoning may make their ap- 
pearance. After the stimulation has lasted some time, depression sets 
in and may go on to complete paralysis of the; central nervous system. 
This is fatal to mammals through cessation of the respiration, but in 
the amphibia the paralysis may pass off* after some time as the jxiison 
is excreted, and the stage of stimulation is renewed. Even during the 
stimulation stage some symptoms of depression arc to be made out, 
exactly as has been described under strychnine. 

The peripheral action of atropine involves a naml^cr of secretory 
glands, the organs containing unstriped muscular tissue and the heart. 
Most of the Secretions are decreased by the application of atropine 
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— salivary, iiuicons, milk ami sweat. This is due' not to any action 
upon the secretory cells, but to paralysis of some of tlie nerve ends. 
It has been investigated most carefully in the salivary glands, but 
enough work has Ixhjh done on the others to show that the process 
is the same in all. The mrdion of Hfdiva in the normal animal seems 
to occur only when impulses reach the gland cells by one of two paths 
— through the chorda tympani, or through the cervical sympathetic 
fibres. If the chorda tympani l)e divided and put on electrodes and a 
canula be passed into Wharton’s duct, a rapid flow occurs through it 
on stirnidation of the nerve, which ceases or is very much diminished 
on stopping the stimulation. If now atropine be injected, stimulation 
causes no im!r(‘a.se in the secretion and atropine, therefore, seems to 
paraly/e some purl of the peripheral secretory apparatus. The 
chorda tympani passes through ganglion cells on its way to the gland 
cells, and the) impulses might be himlcred in their passage through 
these, as aelually occurs under the action of some drugs. (See Nico- 
tine.) Hut this is not the explanation of the inellicieney of <diorda 
sUinulation, as is shown by the fact that if the ehictrodos be pushed 
iiTTo the hilus ol‘ the gland so as to stimulate the nerve fil>n»s beyond 
the ganglia no se<Teti(m follows. Another explanation would be that 
the gland cells themselves are paralyzed by atropine, but this is shown 
not to b<i tlui cas(», for on stimulating thc» sympathetic which supplies 
tlu^ same <^(dls us tlu* chorda tym|iani, the usual .secretion follows. The 
site of action of atri>pine, therefore, se<uns to lie between the ganglion 
ecdls on the<!<Mirseof the chorda tympani and the secr(^t4)ry cells, that is, 
i\w point of attacjk is tiu? terminations of tin* nerve fibres in the gland 
cells, 'rhe action is limiteil to certain definite tcTininations, for it has 
b<»en woUh] already that the sympathetic secretory til)res are not par- 
alyzed, ami it was discovered by ireidenhain that not all the fibres of 
the chorda tympani are acted on by atropine. On stimulation of this 
nerve in the unpoisotuHl anitnal, besides the increased secretion, a red- 
ness and swelling of the gland is noticed, its temperature rises, and the 
blood e.seape.s from the veins in mneli larger cpiantity than usual and 
in spnrts as if from an artery. This is dm to the dilation of the 
arterioles of the gland from the stimulation of vavso-ililator fibres 
wlu(!h run along with the secretory fibres in the ehonla lymjiani. 
These fibms art* imt paralyzed by an iiijeetion of atropine, for on stim- 
ulation of tin* (‘hordu afYerwards the same symptoms are productKl as 
before, save that no st*ert*tion tK*eurs. Atropine then seems to select 
the terminations of the seeretory fibres of the chorda tym]>ani for 
paralysis and to leave all others nnaflbetotl. The secretion of saliva 
seems to oeenr generally only on the arrival of impulses by way of the 
chorda tympani, so that on tlie }>aralysis of its terminations the secre- 
tion eeasCwS entirely. 

In the same >vay the other ///czar/x of t/w mouthy nme and rc/?- 

pindorif ct^ase seereting after atropine, and the effect is tlie ehar- 

aeteri.stic <lrymiss of the mouth, the hoarsones.s of the voice, and the 
thirst and diffieiiUy in swalhnving eomplniiied of after its administration. 
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The secretion of the (/mint* jtace has ivcently Ijw'u sliown to l)e 
diminished or entirely arrested bv atropine, which jwndyzes the termi- 
nations of the .socretorv tibres of the piieumo^astric nerve in the stomach. 
The hydrochloric acid of the snaxaion is inoiX‘ rcHliUHnl tlian either the 
])epsin or the fluid as a whole. Tht? panctrafir avcniion may be 
induced either by nervous iinpnlstjs ivaching it by*tlie fd)ix\s of the 
pneuinogastric, or by the secixitum flmned in the intestinal epithelium 
being ciirried to it by the blocnl vessels; atn)pine jKiralyzes the teTiniim- 
tions of the pneuniogastrie so that no setavtion arises from its stimulation, 
but the intestinal secix'tion acts directly on the panereatie cells s(» that the 
gland continnes hj respond to its prestaice. The A//c is also Kiid to In; 
somewhat lessened l»y atropine. The production of from the gly- 
cogen of the liver has been recently shcuvn to be contnillcxl by branches 
of the cadiac plexus, but these have iioeftect after atropine, S(» that the 
terminations of the nerves in the liver cells s<‘em to Im‘ paralyzcnl also. 

The same paralysis is produced in the terminations of thc‘ iua*vi*s in 
t\w siratf (//itiKh. Stiinnlation of the sciatu^ iM‘rvi» as a general rule 
pnxluces perspiration in the foot of the eat and dog, but aftcT atropine 
this effect is absent, lu'cause the impulses cannot reach the cells threihgh 
the paralyzed tc^nninations, and the skin therefore b(‘(?omes <lry ami 
hot. The seeretioii of 7ullk bears the sanu* ixdation to that of per- 
spiration as that of the panereatie jui<*e iloes to the saliva ; it is 
incix’asfxl by stimuli from the central nervous syslem, but at the 
Kune time the mammary glaml eontiiiiies to scxTctt* afler all its iK*rv(*s 
have been divided. Atropim? theref<»re lessens the secu’etion by para- 
lyzing its nerves, but <loe.s not stop it alfugctlier. The s*»lids of the 
milk seem rather iiKTcased than diiiiiiiislied by the <lnig. 

The khfnrif is not t?ontrolled so din‘ctly by nervous iiitluem’es as the 
glands hitherto discusses I, and atropine caii>es lilth* r>r no change in the 
amount of urine except what is prol»ably tin* indin et result i>f tlie arn\st 
of the other secretions. The Hfvnitoti nj hfmph is not altered by atro- 
pine, so that it is probably not ccuitixdltnl by nerves in the same way 
as the true scxiretions. 

All Organs Oontaining Unstriped Muscle (a; tart tVom the art4*rial 
wall) s€H?ni to be altered by atropine. Thus the movements of the 
stoinaeh, int4>stiiie, lilad<Ier, ntcrus, spltM*ii, thonmie diu’t, and of the 
pujul and o^sitphagus (excx*pt in uniiiia]>, in wliieh these eonsist <»f 
stri|KHl mijscde) art? lessened by atntpiiie. 

Atropine htis geiicndly a s<»dative efleel on the inoveineiits of the 
Mfmuirh and inirMin^y though voiuiting is not infnspnmlly observed in 
cas(>s of poisoning, and ICss often fn**? evacuation of the cont4‘nfs 4»f 
the bttwel. The im?ix»ase<l movement iiMlue4^l by or'4liuary 4h»s4»s of 
the [Hirg*itive>? is not arresUxl, but the griping ]»aiiis ixf^ulting from 
large <lost>s or from the m<ire violent piirgjitivt*^ are abs4*nt t»r 
marked if atropine is given along with th4*m. Similarly, tlie vl«def»t 
fieristaltic and tetanic c<»ntniclion» sihmi afUT smdi |MMKons as itie4itine 
an«l miis(%irinc are prevented by the pridirninarv iitji'etioii of afr4>|niie. 
These results were formerly exp]aine<l by snpjK;»sing that atropine j«tm- 
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lyziid tlxe U?rmiimti<)iis of the extrinsic motor nerve of the bowel in 
the siim(i way as it j)ai’alyzc*s the term inat ions of the chorda tympani. 
lint liaylisH and Starling an<l Dixon have recently shown that atropine 
does not alter the effect of .stimulation of the vagus, the motor nerve 
of the intestine and stomach, jior of that of* the splanchnic, the inhil)i“ 
tory nerve. TIk; fact that it antagonizes the ex(i(*ssive movement after 
these poisons (lannot be attributed to acjtion on the terminations of 
th(\s(^ nerves, therefore, and no other c‘Xplanation of the niujuestion- 
al)h! effect of* atro[)ine on the stomach and bowel has been vouchsafed. 
It appears possible that atropine acts on some still unknown nerve 
termitiations, and that tla; vic»h‘nt movements which it arrests arise 
from stimulation of’ a mechanism which is distinct from that presiding 
over the ordinary peristalsi.s. 

Atropine exenjises the same st‘dative eff«»et on the movements of other 
organs as on those of the bowed. Thus, the .vpAv//, nirnis^ hlofhhr^ and 
tlM‘ hroHrliiftl innsrlrs .s<‘cm less liable to cirntraction after its !ise. In 
regard to its action on the two first l)ut little is known, but Dreser lias 
shown that tla^ stimulation of the pfuMimogastric does not caii.se con- 
traction of the. bronchial nius(‘l(‘ after atropine, while in the* impohsoned 
animal it has this elfc^ct. In rc^ganl to tla^ bladder it has lu'cn obsi^rved 
fr<‘((n(*ntly in <*ascs of poisoning that th(‘ urine is cje<‘ted soon after the 
ingestion of th(‘ poison, and sulisequently tlao’e is a desire to mi<*tnrate 
without th(‘ adiility to <lo .so. The preliminairy (*ontraction of tin* blad- 
der would .seem analogous to that of the intestine, ami the .sftbst‘(|Uent 
inability to empty it to the diminution of* the jieristal.sis. The rhyth- 
mical contrai^tions of the furirm are said to lx* aeceh*rated by small 
do.ses, but to be slowed and arrested by larger amounts. 

The terminations of the nerves in the unsiriped mn.scle of the 
a%sojfhfU/ns seem to be affe(^te<i in the .same* way as in that of the intes- 
tim^. A curious contrast has IxMai noted by Luclisinger in the iM-havior 
<if the o'.sophagiis in rabbits and cats, in the former of which the mii.s- 
<'le is striated, whih? in tin* latter the upper part is striated, the lower 
is nnstriated. Atropim*, lu‘ fouml, paralyzes the vagus terminations in 
those parts which are unstriped, while leaving unaffected those in the 
stripeil fibres. Kxactly the opposite twriirs after ciirara, which pani- 
lyzes tli(* nerve supply of the striped mn.stde, while leaving tlie un>triped 
active. Her<^, again, is evidence of the? .selective [lower of these [loisons 
and of the difference in the chemical eom)>osition of nearly related 
sirm^tnres. 

it is [)os.sihle that the ditlieulty in .swallowing, which is so well 
marked in ca.se.s of poisoning l>y atropine, may he due in jiart tti the 
paralysis of the motor nerve ends, hut it is genemlly attrilmted to the 
alwenee of the mucous secretion and consiMiucnt drync.ss of the pa.s- 
sages. 

The ililatation of the pupil by atmpine has been the subject of a 
very large number of I’t'searehes licth by physiologists ami liy practical 
ophthalmologists. It omirs on internal administnttion as well as on 
the application of minute quantities locally, and is due to paralysis of 
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the terminations of the motor nerve in the eiivular mnsi^le of the iris. 
This is shown by the faet that stimulation of the motor cHUili nerve or 
of the sympathetic neuron running from tlie eiliarv ganglion is m ithout 
effect, as well as that the dilatation may be produced by atixipine in 
the excised eye. This limits the panilysis to the jK^ripherv, and that 
the muscle is not acted on is shown by its reacting to electrical stimu- 
lation. The lociil nature of* the action may be further shown by care- 
fully applying a minute Cjuantity of the ^Irug one sidi* of tin* ('ornea, 
when dilatation of one half or less of the pnpil occurs, the rest remain- 
ing contracted. The motor oculi (Kig. 20) (Constantly transmits iin- 
])iilses through the ciliary nerves to the sphincter mnsclc of the iris and 
keeps tiie j)npil moderately eontraetiMl, and when tliesi* impulse's can 
no longer reach the iris owing to the paralysis «if the nerve ends, the 

Flo. ‘JO. 
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tnuiaifl .V. ifi tiu* circular fibro** i«f «be iri**. J!, a Hpinal wtw i»br»r from iln' )ow»?r m^rvlrul 

< onl, runiitiitf (brougb tfi*' anrnitforirtr ivrvn al KaiiKiia ami (rrmimtiiiiK arouml a 
orM in iho HU}H?nor cervical tfan^iion, o’. Tb« axiv cyllrnl^T from nervocHI rmin to the lrl*i 
inc *bi‘ ciliary ganglion i arnl li-rminae’j*, f.\ on (In* ra«liattng librch }f KnllcntC’it the icrniifiaiiuna of 
(In- nerve hbre in iho circular fibron, ainl ia llic acU'J on by atroionc jwmI miiacarlno. 
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sphincter relaxes and the pupil dilaU's. Fli*; muscle itself does not 
seem to Im 3 atlected by llnf ordinary application o! atropine, but if 
strong solution.s 1 m.* emuiuuously applied, its filings may be |>araly/(al 
by it as by many other drugs. The action in paralyzing t lie nerve 
cud i.s universally accepted now, although it w‘as formerly disputed. 
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A further qucMtieii js whctluT this is the only efl'eet of atropine on the 
pupil, pr whether the terminations of the dilatingsympathetic fibres are not 
stimulated at the siinie time, and this ciuiiiot as yet be said to be generally 
agreed upon, although there is very strong evidence against the latter view. 
Its advocates have genenilly ignored tlie fact that the constrietor muscle is 
constantly opposed i)y <lihitor fibres, and that when the former is thrown out 
of activity by the paralysis of the terminations of the motor oculi, the radiat- 
ing fibres cause an active dilatation wirhoiit any stimulation of the nerve ends 
being nci^cssary. If, however, the mdiatiiig muscular fibres bo separated 
from their in mu'vating centre by section of the cervical sympathetic nerve 
in the neck, they also cease to contnict and there is no active dilatation, so 
that atropine causes less widening of the ffiipil than it would if impulses 
contMiued to reach the radiating musf^le. After the application of atropine 
to ih(j eye, the iris often n^laxcs with sufTici<‘nt fon-c to tear w'cak adhesions 
to tlui lens, and this has also been hehl to indicate that the dilator fibres are 
KtimulaUaJ, for it is uidikely that the men* passive relaxation of the iris could 
rupture an attaehineiit. Hiiiiilarly, if the iris he attarhed at t\Yo ))oiiits to the 
lens, atropine causes a Isivv-shapcd dilatation hetween them, the concavity being 
clireeled inward, wlaaeas if the dilatation wire purely passive the part between 
the points of attachment would probably he loost'aml wrinkled. Tla* dilatation 
is uia|uestional)ly an active movemc'iit, a<‘coiiiplishcd by tin* 4'ontra<‘tion of the 
radiating miistnilar filircs, hut tlu'si* are not put in motion by stimulation of the 
teriiiinatioiis of the fibres in the radiating miiselcs {»r the iris, hut by the normal 
iinpiils(»s d(‘seeiiding from the central nervous system, which attcr atroj»in<^ arc 
not (;ounterhalaiiccd Uy impulses reaching the circular fibres. 

In short, the evhh'iiee goes to prove tlini utropine dilutes tin* pupil 
by purulyzing tlie t<'rnunations of the nerves in the r irenlur nuisele, 
'iritis leav<»s the nuliating fibres unopposetl, and tln*y tlierelbre draw 
back the edge of the iri.s. 'Plic* terininations of the ru'rves in the radi- 
ating nuisele fihn»s <lo not s<‘eni to he afleeted hy atropine. 

The dilatation of the pnpil elfeeted hy atropine is not cpiite maximal, 
for stimnhition of tin* eervieal .sympatheti<‘ trnnk generally increases it, 
though hnt slightly. It dilfers consuleral)ly in ditVerent animals, be- 
ing more ooinplete in man, the dog, and the cat than in the rabbit, 
eutiredy fd).sent in birds and reptiles and elicited with dillienlty in the 
frog. In birds and reptiles tlie iris con.sists of strijied mnsele fibres, 
and iieeordingly atropine has no action on the nerve terminations. 

In the rabbit and In man the dilatation is sometimes preceded by a 
sliglit eoiitnietion due, it is believetl, to an iiritant preparation setting 
up a reflex from the eonjunetival seiisviry nerves. When complete dila- 
tation is attained, the pujiil ceases to eontratd in bright light, as the 
impulses deseeiuling fr<un the centnd nervous system are prevented 
from reaching the muscle, although the r<‘st of the reflex arc is intact. 
According to several observers the pupil dilated by atixipine contracts 
during narcosis from chloroform or chloral, but this statement requires 
further oonfirmation. 

Besides the dilatation of the pupil, a further ivsult of the applica- 
tion of atropine to the eye is the jKindysis of the Near 

t>bjects are no longt>r seen clearly, while distant ones are as distinct as 
formerly or may be even more distiimt in some eyes. The action is 
heiv again on the terminations of the motor m'rv*\ in this case in the 
ciliary muscle. On Im^al application the relaxation of the lens ootmrs 
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later, and di«ippear.s earlier thaii the dilatation of the pupil, and 
larger quantities are required to produce it. 

The infrmxMifar premire uiiderg4>es a eonsideralde augmentation after 
the local application of atropine as well as when it is applied tlmaigh 
the general crirculation. This seems to be due to the dilatation of ibe 
pupil, although some writers seem to believe tliat atnipine has also a 
special action on the intniocular tluitls. The increase in tlu* Intra- 
oenlar pressure has been demonstrjiteil in animals through the move- 
ments of a nianonictor communicating with the vitreous humor, and is 
a well-known result of the application of atropine in ophthalmology. 
It may, ]>erliaps, explain the pain and aching in the eye and the head- 
aclie complained of in some eases of poisoning, while in othei’s these 
may he due to bright light fallingon the retina, which is unprotected 
by the iris. 

Atropine ]>araIyzos tlui Inhibitory Terminations of the Vagus in the 
Heart, and stimulation of this nerve therefore causes no ehanges in 
the piils(» after its administration. A number t»f other drugs also 
remove the inhibitory power of the vagus, hut act (»n a ilhVerent part 
of the nerve, namely, on the ganglia. That atropine does not net liere 
hilt on the terminations, has been shown by a nimiher of observations. 





Trmiug!» of tbc vc*ntrH»’ (Uiwi.'r 1 s«in1 aorkb' »»f ihe dojr’h bfurl. OurlDK Ihfi 

Miiivr iijjtwnrd'' ; tlnrinK <lmsiol«», ifowitu anU. Ai . 1 , tin- lusiri N tionnul ; ni //. tlii' InljiliMnry 
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Thus, in the normal frog’s heart, and even aft<?r ])aralysis of the gan- 
glia on the course of the vagus, elwtri<‘al stiinuiation of the veuouH 
sinus eaiises slowing and stanchtill of the Iii'art, hi'caiise the stimnluH 
reaches the vagus heyoml tin* paralyzed ganglia (Fig. 24, p. 207); hut 
after atropine, no slowing follows stimulation of the siiiiis. Again, 
wvcral drugs stimulate the <*ncls of the vagus in the heart and act on 
parts in which no ganglia exist, hut these drugs have no effetrt whatever 
af*ter atropine. Small quantities of atropine have no further aetion on 
the heart than the paralysis of the inhihit<»ry nerve? < iids. The ter- 
minations of the aceelerafor nerve are unatreeled, exactly as the ter- 
minations of the sympathetic iiutlie salivary glaiuls, and the heart mus- 
cle is neither stimulated nor dcpn*s?SMl. Tlif? heart is therefore plaeHl 
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in the same position as if the va^^us were dividcfl in the-! neck, and, ac- 
cordingly, is accelerated in some animals, while in others the rhythm is 
unchanged. I n the (k)g there is a marked quickening of the heart after 
atropine, because normally impulses are constantly transmitted from 
the inhibitory centre in the medulla, and these prevent the heart from 
beating as rapidly as it would if freed from the nervous control. In 
the cjat the tone? ’’ of the vagus is less, and the ehimges produced by 
utropiiK* are corr(‘s|K)ndingly smaller, while in the rabbit and frog there 
is generally no inhilutory retardation of the heart, and atropine therefore 
produces little change. In man the effects vary considerably with the 
age of the patient. The inhibitory fibres seem almost inactive at birth, 
but th(*ir tone increases with age up to 2r>--»‘lo years, and from this 
time lessens again and is very slight in old age. Atropine does not 
qiiiciken the laiart in the n<*wborn child, but u}) to about tlu* accel- 
eration increases with ilit; age, and from this point onwards it lessens 
again until the heart is ac(Mjlerat(‘d by only l-o beats p(*r minute in 
patients betvv<?(ai S0-9() years. Along with th(‘ a<rc(*lcration of the 
pulse the other eflects of vagus s<‘ct ion are also ])rodue(‘d — increase in 
iUo, (^xbait of systole, decrease in the diastole and augmentation of the 
output of the heart per minute. 

Htiniiilatioii of tin* vagus c}ms<‘s nc retardation of tlie pulse after atropine, 
but on tlie eoiitrury, is not infretjueully followed by acceleration from tin? 
l)reHeiK?e (»f ae<'el4*rat<»r tllnvs whieli an* not aireeted by atropine. 

i^arge (luantities of atropine, besi4b\s paraly/ing the vagns, weaken and 
depress tlie heart iiiuseh* ami thtj eoiitra<*tions iMmsecpieiitly beeoine slower 
ami weaker ami tln^ ontpnt of the heart is h‘ss than normal. Ifedbom 
states that large (pjaiititii's accelerate tlu^ <‘4m»nary eireulation in imunmuls 
ami increase tln^ ainjilitmh*. of lheeoiilra<*tions. lie* is inelined tt) regard the 
latter alteration as dm* in part to the dilatation of the coronary Y4‘ssels, in 
])art to a <lire(U Jietion on the heart inusele. 

The piuMjilmral a<’tioii of atropine liithertt^ <lisenssed is due to its juira- 
ly/iiig the termiualious of a iiuinber tif nerves in small <losos ami to its 
pamly/ing the innstde «)r glami etdls wlien adininistered in very large quan- 
tilies. Tiiese facts are generally aeeeptcfl as trm*, hut a number of further 
effeets liave betm tiisputed and may now be shortly diseusse<l. 

.It is not sehh)m stated that atropine, in addition to paralyzing the vagus 
ends, stiniidates tln^ heart mn,s<'le ami thereby (piiekens its rhythm. This 
ass<Mtion is somewhat dillienlt to ilisprovc*. hut none of the al](‘g<*d facts 
l>n»nglit forwanl to snpptirt it have stisnl closer invi'stigation. 'l ln* error 
gem*rally arose from the helitd' that atropine acted on the ganglia and 
m»t on the nerve emls or from the use of impure ami irritant jireparations, 
ami all the ph<>nomemi 4)11 whi4‘h it was hasei! may Ik* ex)ilaine4l by the 
im»re in4>4lern tIuMtry that the ganglia on the 4’4>urse of" tin* inhibitory nerve 
fihivs are lell intact by atro])ine, while the terminations of the neVve are 
pamly'/e4l. 

A further 4pies(i4»n is whetiier the nerve emls are paralyzeil at imee or 
whether they nmlerg4) a sluirt stimulation first. In favor of tin* latter 
tIuMiry st'verul facts may In* ineiitioiUHl, :is that llu* heart in iiiaiiiinals is 
olhm first slo\ve4l ami then 4|ui4*k4'ned by atoipifie, 'fhis might imlit^ate >timii' 
lation <»!' the nervt' emls, hut sHviiis 4lne rather to the inhihitoiy centre in 
the imMlnlhi being stimulated hefim* the t4Tminations are paralyz4:Hl. This 
stimnhition of the centre sl4)ws tlie heart yiitil the iinpnlsos sent 4»ut from it 
are pr4*vent4*d from reaching the (»rgan by paralysis of the nerve ends. Tin* 
increase in the intestinal iiioveineuts. which 4>4'enrs immediately after the 
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injection of atropine, mijrht also be cited as proof of the j)iv1iminary stimu- 
lation of the ner\'e ends, but may also be explained by the inhibitory 
terminations beinjj paralyzed earlier than the nuitor, si» that these have a 
brief period of unrestrained a<*tivity. In the eyi* a sht»ri stajfc of c^ontraetiou 
of the pupil not infrequently piveedes the dilatation, but it is jjenemlly 
believed to be due to a reflex from tln‘ application t»f an irritant solution 
the conjunctiva. Lastly, \vbcn atropine is a]q>licd to the eye of the cal a 
considerable secretion of saliva almost ahvstvs follows for a short lime, and 
this mi^bt be held to indicate a stimulation of the terminations of the ebonla. 
It is more likely, however, Ibat it is a reHt‘x secretion fi\»iu the bitter taste 
of the alkaloid which has escaped throii^i^h the lachrymal dmd into the l)aek 
of the tliroat. 

Several alkaloids stimulate the same peripheral nerve terminations 
as atropine paralyzes, and the interaetioii of* tlie two groups is id* eoii- 
siderable im|K>rtiince. It is more pi*olilahly disetiss(Hi alter the fjeneral 
aetion of these poisons has been leariUHl, and will be taken up at that 
point (see miisearine, ]>iloearpine, and pliysosti^mine ; eom|Kire also 
nie^dine and the enrara ainl eoniine st‘nes). 

The volnntarv Muscles are not direcdly alleetiMl by atropine. 'Phe 
terminations of the mot4>r Nerves are juiralyzed in the iVojr by lar^e 
(loses, but tliis has not been edieited in mammals by ordinary iindb- 
ods of experimental inv(‘sti^ition. The terminations of the sensory 
nerves are j)aralyz(‘(l, or at any nite (h*pressed by ils local appliettlion. 
Thus when a lininuMit or ointment containing atrc»pine is applied to 
tli(» skin, a iiuinbness of th<* part is prodnccMl and tlu^ snisalion of pain 
is lessened. The local anjestlieti<r effect is not elicited by its intiuatal 
administration, altlion,<>:li it is said that the fro^ may be rcudrred lc*ss 
sensitive to irritation of the skin if pidsoncd with alropinc. Ae«'ord- 
in^ to some reeent investigations the sensory tenninations arc lirst 
stiinnlaled and then paralyzed, but the assertion stands in iiec‘d of con- 
firmation. 

Circulation. — The effect of atropine on tli<* clrcnlati(tn is som(*what 
complex, as, besides the action on the heart, that on tluMMUilral nervous 
system must be cjonsidenMl, The heart is smnciiiiies slowe({ and weak- 
ened at first, owin^ to the stimulation of ibe inhildtory (rentre* in the 
medulla probably, but is j^enerally (piicdiened from paralysis of the* in- 
hibitory fibres in the heart, and after very lare;fi doso: is wc‘akciH‘d by 
the direct action <»n the muscle fibre. The blotsl-jin“«>uiv is (^oiisider- 
ahly increased by the augmented output <»f (lie accdcratfMl heart, and 
also owing to stimulation of the vaso-(Minslrictor eentn^ in the medulla 
which contracts the? arterioles in the abdomen, 'flic constrict ion of 
these vessels is aeeompanied by a dilation of the arterioles of tlM^ skin, 
and perhaps of the hrain, from excitation of tin* va>o-<lilabir C4*ntre, 
so that the blood tends to flow fnun the abdominal eavity to (Im? more 
sn|KTficial parts. The dilation of the skin vessels is, however, insuf- 
ficient to counteract altogether the contra^’tion of those of the abdomen, 
so that a considerable iiiereaHi* in the arterial teiission follows the in- 
gf^stion of atropine. The increased pn .ssiire is maintained fjr s'linc 
time after .«mall doscr.s, wliilc large ones lower it from the action on 
the heart iiiuscle. The dilation of the skin vessels is more espe<!ially 
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seen in the head and neck, and here produces marked flushing and 
a rash somewliat resembling tliat of scarlet fever. That it is due to 
central action is shown by the fact that it is prevented by division of 
the sympathetic trunk in the neck. The rash usually disappears after 
a few hours, but is sometimes followed in a day or two by desquama- 
tion. The circulation always persists after the respiration has ceased, 
and its failure is not tlie cause of death therefore. 

The action of atropine on the Respiration has been the subject of 
much discussion in rec;ent yeai*s. It is sometimes slower at first through 
some unexplained ccmtral action but then becomes quicker, and ac- 
cording to most observers also deejKT, and the amount of air inspired 
per iniiiute is considerably increas<Hl. This is due to stimulation of 
the respiratory c(?ntre, which llndergo(^s the same changes as tlic rest 
of the central nervous system. After large <loscs this quickened 
breathing is fnjqiiently interrupted by convulsive movements, and 
such an interruption often proves to lx* final. If it returns, the move- 
ments become shallower and shnver in the stage; of depn^ssion of the 
nervous centres, and the failure of tin* respiration is the cause of death 
in fatal eas(;s <d' poisoning. 

Atropine; ofte;n iiieluce‘s a markeel rise' in Temperature, the cause of 
whieh e;unne)t be said to be defniitely kne)wn. Aeetording to ( )tt the 
dissipation of h<*at is iin;reas<*d, but the he>at fe)rmatie>n nneh*rgoe*s a 
still greater augiiuuitution. This seems to be inelependent of the (;ir- 
culatory ehange's and also e)f the convulsions, anel is attributed by him 
to direct action on the; heat centres of the l)rain. 

Atropine is Excreted in (he urine in small (|uantities when injected 
into the dog, but most tif it uiideigties complete oxidation in the tissues ; 
in the rabbit this seems to be tin; fate of the whole of the drug, for 
none is found in the excretions.* Young animals withstand much larger 
quantities than adults, uceording to v. Anr(*p Invause the brain is less 
highly <leveloped and the cerebral symptoms are therefore prodiicwl 
less easily. Itjibbits may be fed for weeks on belladonna leaves exclu- 
sively without showing any svmptoins of jH>isoning, while carnivorous 
animals and man are very much more sensitive to its a<;tion. A eurions 
case of poisoning is related in which the detence was made that the alka- 
loid was taken ao<Mdf'iitully through jiartaking of roast rabbit, the ani- 
mars flesh having Ir'cii saturated with atropine through feeding on bella- 
donna leaves. It was foiiml that rabbits thus fed might* in fact, con- 
tain large (piantities of atropine and yet show’ no vsigns of poisoning. 
Von Anrep sncceetled in developing a certain degree of Tolerance in 
dogs through rej»oated administmtion of atr>pine, but it was very in- 
complete. 'Fhe symptoms arising from the central nervous system 
were much less evident after a few' dosi^s, while those from the heart, 
pupil and secretory glands persisted after the treatment had Ihh'ii con- 
tiniUHl for some time. 

Hyoscyamine is rarely obtainable in pure form, as it is almost aUvays 
tnixod with atnqiiiie, into which it changes when k<q>t in S4)lutioii and 

^ Tmas huvo tn^ii fouiul in the milk of fiome siiiinuiU anil also in the iVetal blood. 
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perhaps even when dry. It pnilyzos the periphenil tenaiimtions of 
tlie same nerves as atropine, but acts almost exactly twice as slronirly 
on them. Its action on the central nervous system in mammals 
resembles that of atropine ami the fatal dosi* is ilie same, but in the 
frog it has less tendencv to cause convulsions. No narcotic inllucnce 
is exercistHl on either frogs or mammals; the belief that it indmvs 
sleep is founded on obs<‘rvatioiis in which hyoscine was iiuxihI with the 
hyostwa mine employ ihI. 

TJie action of atropine, as has lH‘cn staltHl. is conipoiiialcd of that <if natu- 
ral or Uevorotary hyoseyaiiiine with that <>f its <h*xtron)tarv iso«M*r. The 
latter ih»es not exist free in nature and possi*SM*s (Uily a lW‘hle actioik on the 
nerve terminations, while it stiimilates the spinal cord of the frojr more than 
either atropine or hyoscyninifie. The peripheral action of atropine is thus due 
to its containing hyos<'yainine, and as a ^rain of atropine contains inily half a 
^rain <»f hyoscyamine the former naturally exi‘rcises tnily half the etteet of a 
l^rain of hyoscyamine. t)n the other haml, the half frratn of dextnirotary hyoscy- 
anitne in a ^i^rain «if atropine is almost inert on the m^rve t4*rminalions, hut exer- 
cises the s;une etloct on the central lUTVims system im its hevorolarv complcntent. 
Atropine thus aelfi t>n the central nervous system in mamimils in the same 
stnaijrlh as hyo.scyainiiie, hut only half a.** slron^rly in the periphery. 

Scopolamine, or Hyoscine, rmunblcs alntpinc clost^Iy in its pcripli(*ral 
action. The inhibitory termination.s in t!ic heart arc paralyzed, 
althotigli tin* thcra[K‘Uti<». do.su in man is t<x> small to (‘licit this (‘lllvt 
and the pulse is tluMvforc unaltered in rate or may lie shiwer owing to 
llte hypnothi action. It prodtnvs mydriasis and loss of ai*c«unmod:i- 
t ion more (jtiiekly than atropine, but tbr a nmeli shorlertimo; pure 
hyoscine acts about twha* as strongly on the nerve terminations as 
atnijiin<‘, or abotit eqtially strongly with hyoMyamim*. Tbe (dfeels on 
the e<»ntral mn’vons system present tlu* gr<*at<'St divcagmices from those 
ticserilied nnd(T atropim^, I’or the cliaraeleristi(* stimulation i< absent in 
llu* great majority of eases. As a g(aH*ral rnhs seopolaniiin* prodmu^s 
a marked sen.sifion of fatigue and drowsiness, and the patient inov(‘H 
about less and speaks !(\vis. iScmiii an overpowering desire to sleep is 
felt, and a (condition in no way dissimilar to the natural sleep fallows. 
In many eases, howev(*r, a short stjige of exeilcuiient with giddiiK'ss, 
mierrlaiii inovmnents, and ditluMilt and indistinet speeeli preeed(»s sleep, 
anil <K‘easionally symptoms exai*tly rtrs(?nibling lliosi* prodneed by atro- 
pin(‘ follow flu? administration of hyoM’irie, es|M*eiMlly if large doses 
are employisl. iSleep g(Mierally lasts from hour.-, and the patHUit 
may then remain in a somnolent condition lor several liciiir.- longi'r. 
As a genenil ntle, aft(?r small doses no confusion is eomplniiM‘<l of on 
awakening, but dryness of the throjit and tliir-t are often pn*sent. 
Larg(*r dosi^s do not (?jtus(* deep(*r sl(‘ep but give rise to delirium and 
exi'itemeiit ix^sembling tlio.s<? following atrofiine. 

In one or two eases (^illap.s(! has Iwen o|iM'rv<?il after seojiolamine. 
The vaso-motor and re-ipiratorv centres do not wm'Iii to be Ktirnnlatisl 
as by atropine, tlie bloiKl-pressiirc lidling and tlie respiration gciiemlly 
iH/eoniing slower from tliif l^eginning. 

In the lower mammals sc'ojK>Ianiine nnlnecs the excitability of the 
motor area> as tested by elw*tric shocks, while the reflex ('Xcitability in 
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the frog m not increased as by atropine. Hyoscine appears to be 
excreted or destroyed in the tissues much more mpidly than atropine, 
for its effects last a shorter time. 

The action of hyoscine, then, seems to correspond with that of atro- 
pine, save that the (Miiitral nervous system is liere depressed, while the 
action on ilio peri[)heral nerve ends is stronger. It depresses the brain 
in very small quantities, J mg. gr.) being generally sufficient to 
cause sleep. It does not seem to fje so dangerous as the others of the 
series, for a dose of 5 mgs. ( gr.) bus been recovered from in man, 
and over half a gramme (7^ grs.) administfjred to a small eat did not 
kill th(^ animal. A certain degree of tolerance is produced after 
repeated use, so that the dose htis to be increasetl after a week or two. 

It must be remarked that the action of liyoscjine as a hyjinotic differs 
consMerably from that of opium and of the members of the methane 
series ; it is very much Ic^s relitible, and the sleep produced resembles 
mu(ih more nearly natural sb^^p. This <liffen*nc(; has not been explained, 
but it S(Mans probible tlnit the seat of action differs in all thrc*e. 

The Other Natural Alkaloids have beem less cfirefully examined than 
the thnni foregoing; such mixtures as duboisine of course combine the 
effects «)f their coiistitiKMits. The psjMido-liyoscy amine of Men*k secmis 
to be very f(*el)ly active, causing dilabition of the pu|>il on local appli- 
cation, but having little or no <jff(*ct when given internally. 

Among the Artificial Tropeiues, only one has receivc'd much attention 
at the hands of either experimental or pra<*tieal tlicnipcutists. This 
is Homatropino, a compound of tropine and mandelH^ acid, wliicffi 
is found to be less poisonous than atropine but to resemble it in the 
symptoms produced by an overdose. Tlit* mydriatic etlcets pass off 
much sooner than those produced by the usual solutions of atropine, 
and are said to a()|M*ar inor«' mpi<lly and to be less complete. It was 
formerly sn[)posed tiuit homatropiiie ctuised no increavse in tin* intra- 
ocular tension, but ibis 1ms been shown to be erroneous, although it is 
less active in this direction than uiropine. 

Several other tropeines have heen exauilned by Fiilck iiiul CJottlieb, who 
foiUKl that they variiul a preat deal in their action on the lower uninmls. 
Many of them produce no paralysis of the oculomotor or the vagus termi- 
nations,, while olhei*s act here in the same way as atropine, but diller from 
it in power. It may be statt'd that in general the compounds of tropine with 
the acids of the motluiiio series possess nitieli less t»f the peripheral atropine 
ueticMi than the others. It was formerly believed that even the eomitottnds 
with the aromatic acids were ilevotdof this ntdion unless the acid po.sscssed 
a hydroxyl group, but this general stjiteinent has he<‘n shown to he erro- 
lu'ous by Gottlieb^s work. A eonsiderable variation also exists in the ctlects 
of the tropeines on the coiitnd nervous system, some causing exeitement like 
atropine, while others act as deprossiuiU and therefore ix'semble hyosiane. 

As has heen mentioned, many of the triipeines eause no panilysis of the 
vagus inhU>itory tere^inations hut they often act as stimulants to the frog's 
heart. Tro[»i tu' itself is a weakly toxic, basic sidxstance, which in laige 
<piantitics tatssesses this canlimr action, hut does not paralyze tlu? vagus nor 
the oeulomotor terminations on loeal application. After the injiH*tion of 
large quatdities, dilatation of the i>upil 1ms Imcii ol)served, it is true, hut this 
does not seem to l)e of the sjime origin as that produced by atropine. 
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Some artificial scopoleiiies have lHH?n oxainiiuHl rm^itly by Schiller* who 
fimiid that they diflereil frcuii i»co|johuuiiic in devoid oV action mi the 

nerve end?* in the pupil and heart and on the stdivary s»»civiion. Tlu*y possess 
a certain ^tiiuuhint ellect on the he:irt inusc'le like some oftlic artificial trt»peines, 
and all produce more or less depression of thcceniral nervous system and nan osis. 

AIkthylatiiopink (Knmydrin) is said to possess tlie p(>ripheral action of atro- 
pine without its eflects on the central nervous svst<‘m. Its efi'eets on the |mpil 
in 1 per cent, solution appear sooner and an' less lasiiiijr than those of atropine. 

The action of tlie Crude Drugs is very similar to that of the active 
principles alretuly tliseusscd. The periphcml action of all of them is 
therefore almost ideiitie^il in kind, thon|;h varying: in de^rc*e. In con- 
sidering their eHects on the mitral ncrv<uis system it must be remem- 
hcr(*d that those containing much atropine art* more stimulant, those 
with hyosciiie nnu’e stslative. In hellatlonna preparations the <jnanlity 
of hyoscyamine varies a good deal, and it is siiid that no atropine is 
present in the fresh plant, hut that during the various processes of ex- 
traction .some or all of the original hyoscyamine lawmes ehaiiged to 
atropine; the relative projiortion of llu*se two poisons pmhahly varies 
in ditfmxait jircjiarations, therefore. In hyo.si‘yamus and se(»pola the 
presence of .s(*o|K)Iamine produces a much more narcotic cllcet than is 
obtained from liclladonna, while datura is generally said to he less sctla- 
tivc than the former, hut less stimulant than the latttT. Dnhoisia also 
seems rather stslative than stimulant, hut its a<dion and that of its 
so-calltKl alkaloid must vary considerably, .sineo tlie latter consists at 
one time of hyoscinc, at another of hyos<*yamini*. JMandragora con- 
taining hyoscyamine ami hyosijine jmiliahly restanhles hyoscyamiis in 
its ell ends. 

PhHPA RATIONS. 

r. s. — Belladonnse Folia, tin* Imvcsof Atropu HdlaflouMM. 

Kxri;A<Ti'M Ri:ij.Ai)«»NN.K Foiatno-M, o.(»or»- (>.o;n J. (,^ { gr.). 

Tincti ua Hina.AUoxN.K Foiaton'M, o.:{ l c.<* (a 

KmCLASTIM M lii:ia,AlM>NN.K. 

Belladonnae Radix, tlic rtiot of Atropa Ifidlndouna. 

Ffuiiit.rtrnf'ium Hrffutlountf- <1. 0.^—0. 1 t\r. (l-li 

LiNLMKNn'M fiKM.AnoNN.K. coutaiiliug camphor. 

Hyoscyamus, tiu' leaves of IIyos4yjiiiius niger, h«-iihaiie. 

Kmuactcm Myoscvami, o.o;’Mi.2ti. (i-l gix ). 

FhfiiUxtrartum O.^-J c.c. (f)-. 15 mins.). 

TiN*<Tri{A lIvosi VAMl, 1-4 c.c. (15-00 mills. j. 

.^TitAMoNii’M, the dried lea\es of Datura i^traiuoniurii. 

Krh't(r(fiiit Simtrtonit, R.OI <J. (i gr I. 

FftiitUxfrnrfttm Sli'amonii, 0,5 (1 min.). 

Tturfura Sirnmnitii, 0.5 c.c. (8 iiiiiis.j. 

( uffurtifum Sit'timoh it. 

ft<'oi*»»i.A, tile dried rhiy/mie of Keopola camioliea. 

Frfnuhim Sr*xfjt$hi\ 0.01 <t, (|, gr. ), 

Fhihii xfrorhtm 0.05 c.c. fl min.). 

15. D. —BelladoiUlfle Folia, the fresh leaves and hranclics of Atropa Bella- 
<ionua. 

JCtfntrh/t» I7ro/-r, }-l gr. 

Sw’tuju Jit.fhuhnuw^ fi-15 mini*. 

Belladonu® Radix, the mot of Atropa J^dlad^mna. 

ExTaAcrrM IjKLLAOOXNiE ALCOiioucrM (1 js reent. of alkaloids), p i gr. 
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Extractum BELLAnoNNwE Alcohouctjm (1 per cent, of alkaloi^), i-1 gr. 
Extraelum Belladonnie Liquidum (J- per cent, of alkaloids),^ J-1 min. 
Tinctura BrsLLAUoxN.® (a’(j per cent, alkaloids), 6-15 mins. 
lilMMKNTUM JiKLLADONNiHfi. 

UntjaenluM iiclladonnui. 

KMIMABTIlirM BKI.LADONNAO. 

SuppOHitoria JieUadonntK^ each containing ifxi gr. of alkaloids. 

Hyoscyami Folia, the fresh leaves, Howers and branches of Hyoacyamus 
iiiger, hcnilKine. 

ICXTUACTUM IIVOSCYAMI ViKIDK, 2-S grs. 

Tinctum Jft/oHri/umij J-1 11. tli*. 

SucMut! JlyoHet/amif J-1 11. dr. 

Stramonii Folia, the dried leaves of l>titiira Stramonium. 

Tinctura Sfrainotiii\ 5-lo mins. 

Stramonii Semina, the sc^eds of Uatura Stramoniiim. 

Extractum Stramonii j J-l gr. 


Alkaloids. 

Atuopina (IJ. S. P., 11. P.), an alkaloid (C„Hg.,NOj) derived from bella- 
donna and forming white, acicailar crystals, very little soluble in water, but 
Boiuhle in alcohol and ether, and having a bitter taste. 0.0005-0.001 O., 
J-1 mg. (aliriio gr. H. P.). 

Atroimnjc StiLlMiAH (U. S. P., B. P.), a white, cry.stalliue powder, with a 
very bitter taste, .soluble in water and alcudiol. J)o.se, as for atropine. 

Ofmtnm Atropiawi}]. S. I*.), 2 per cent. 

Umptentuni Atropime (H. I*, i, *4 per cent. 

J.Upior Atvepukiv ^n. 1*.), 1 per cent., J-1 min. 

IjiuuMc Atropimv (B. P.), gelatin tlises, eaidi eontaining j.(,Vo &**• atropine 
Multdnite. 

IIyosoyamink is not procnraiile in <*v4*n approximately pure form and might 
well he disjH'iised with, as it oilers no advantages <»ver atropine. 

Jfyosriptmimr SutphuB (IJ. I*., H. !».), i..3N03),l l,S( the sulpliate 

of an alkal(»id derived from llyoseyamus niger. .\ ery.'^tidljne, delhpiestH'nl 
powdea- with a liitter aerid taste, very .soluble in water and aleobol. 0.000.5- 
0.001 (J., J-1 mg. (tJo u'o gr*)* 

J/jputrymniitw IJiptrohromidfun (P. S. P. lln‘ liydrobromidt* of hyoseyaminc, 
reH(Mnble.s Ibe Nulpinile in most points but is not dern|m*seent. Dose, as of the 
811 ip bate. 

HyoHnniV /lydroiiromidum (V. S. I*., H. \\)^ ((’,,11 NOjIBr, 211,0), ibehydro- 
broniide t>f liyoscine or se(»p*)lamine. Ji is <»btained from hyoscyainus, scopola 
and otlier solanaceie, and tbrins eidorless, transparent erys'tals witli an aeri»l, 
bitter taste, and is very soluble in water, less >o in aleobol! 0.U0n2-n.iMMio O. 

i-j R'K- (siln- )f.). 

Si'opo/ttmiHiV lliptrobromiduiu (P. S. J\) is hlentieal with Hyoseine bydrf>bro- 
mitle. 

lIoMATiioiUNvH 11 Yi)iu>njio>iii>t'M ( P. 1’., H. 1*.>, i<',^,H2,NOj,HHr ►. the 
bydrobroniide of an alkaloid prepared from tropiiie by condeiis:ition with man- 
del ic (t»xytoluic) aeitl, a white crystalline pow<ler .soluble in (I parts of cold water, 

LamrtMv Ihmotmpimr (B. P. ), boiuatnipine discs, each weighing jV, gr. and 
containing gr. of hoinatropine hydrobromide. 

Therapeutic Uses. — Tlio numerous changes produced by atropine and 
its congenei*s on the organism would indicate for thorn a very wide 
sphere of usefulness were it jiossible to elicit their action on one organ 
without aflecting others and tliis difficulty may perha])s tie overcome 
in the futim\ when the ditferiMit individuals of the series liave been 
inort' carefully coiri|mred^ anti new tropeines and other modifications 
of tlie ti\>piue raiiicle are available in therapeutics. 
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The peripheral action of the whole .^ries, as far as it is at prt*sent 
known, is so uniform that any membor might be used to eli(?lt it, 
but the only one tiiat has come into gtmeral use Jbr its peripheral 
effects is atropine. Tlic purposes for wliich atropine is eiuployod may 
be divided into groups as follows : 

To Arrest or Lessen Secretions. — In rare eases of excM'ssivc* iiafimtion 
atropine has proved of service, but it is iniieb more frtMjuently used to 
lessen the perj^pirafion, especially in the later stages of phthisis. For 
this purpose comparatively small quantities, such as j »»g- gr.) 
given by the mouth or liypo<lermieally are generally suHieienf, or the 
extract or tincture of btdladonna may Ih‘ used instead. In local 
sweating, it is often applied locally in the form <d* an ointment, lini- 
ment, or plaster, although Tappeiner lias ftinnd that it has no effeet 
when thus employed. .\ti*opine is also uschI to arrest the s(M‘n*tion of 
the tiufh, for although it has not the immediate <»ffiH‘ts on tin* mammary 
that it possesses on the salivary glands, the secretion is diminished and 
eventually ceases under its intbieiu'e, which prcvcails the glaml rcfnav- 
ing any stimulation from the central nervous system. lh‘lhidonna is 
iisnally applied locally for this purpose in tln^ h)nu of tin* plaster, or 
less commonly as lln^ ointment or liniment. 

To Paralyze the Cardiac Inhibitory Terminations. — l*\>r this ptirpo.sc* 
a slightly largcM* qinintity is required than is ne(*(‘ssary to stop the sisav- 
tions, ainl the administration ofsulficient atropine to paraly/e (In* vagus 
(I mg.) therefore involves unpleasant drvin*ss of the throat and dilli- 
eulty in swallowing. In cases where slowing ol* tin* heart tends to Im? 
dangerous in itself, more espe<*ially in poisoning witli certain snbstancM's 
to be <li.scnssed later, atropine is indi<‘aled. It may also In* iis<*d for 
diagnostic pnrpo.si*s, to find if bra<lycardia is dm* to <liscase of tin* heart 
nuisi^le or to inliibition. It may be rejieafed here that the n*sulfan( 
quiekeniiig is much less in ohl than in mifldl(*-aged peuplr, and it is 
saifi that in many cases of old valvtdar lesion the adininistralioii ttf 
atropine is followetl by little or no aeceh*ration. Sane firms of inter- 
mission of the pulse are due to iiiinsiial ac^tivityof the inhibilorv appa- 
ratus, and these may be rcniedhsl by atropine ; but this interinissioii 
p«»ss(vses little imi)ortanee, and .«eeiiis to rcqnin* no iherapeiitif* treat- 
nn*nt. Atropine may be used to diagnose it from the mon* sigtiifn*ant 
forms present in organic disease of tin* heart. Tin* iim* of atropine to 
paralyze the vagus teniiiiiatioiis In^fore the a<lminiKlrarioii of an aiues- 
tlietie luts been discusstsl already. (See page 17*1.) 

To Paralyze the Terminations of the Motor Nerves in the Iris and 
Ciliary Muscles. — It is used for this piir|H>se largidy in ophthalmology 
as a means of diagnosis and of treatment, and the pn eise e4irnlitions in 
which it is indicateil may be treated better in lext-lmoks on tliis sub- 
ject than here. For tln^* objects, .solntiniis of tlie alkaloidal salts are 
generally applied to the conjunctiva, when ernmgli of (be alkaloid paswfs 
into the eye by a pnw^^ss of imbibition to pnxlnce mark<*4l hM*aI effects 
without affecting more distant organs. In order to dilate the pupil, 
extremely dilute .solutions are used ; a few drops of a solution of one in 
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1,000, or even of one in 10,000, are quite sufficient. Much stronger 
solutions are requirwl to paralyze the accommodation, and as a general 
rule 1 per cent, is used. These strong solutions produce complete 
paralysis in 1-1 J hours, and the accommodation does not recover 
completely until after 5-7 days, while the pupil may not regain its 
normal size for 10-14 days. The application of even weaker atropine 
solution nmdcrs the sight imperfect for an inconveniently long period, 
and hyoscanc and homatropiiic are therefore much used in its stead. 
The symptoms produced by a 1 jier cent, solution of homatropiiic pass 
off, or at any rate become very much less marked in the course of 36 
hours. These arc consequently preferable for diagnostic purposes, 
while atropine is rather to be used where it is desirable to produce a 
paralysis of longer duration, as in various inflammatory conditions of 
the iris or cornea. Atropine is also preferable where complete paralysis 
of the ac(Joinmodution is n(‘cessary, as liomatropine often fails to effiict 
this. Atropine and its congeners are contraindiciated where there is 
any suspicion of glaucoma, as, owing to their action on the intraocular 
pressure, they may cither aggravate the disease already present or pre- 
cipitate an acute attack. When dilatation of the pujiil is necessary and 
there is nuison to apprehend the rcnsults on the intraocular pressure, 
houmtropine should be employed as its effects can be readily controlled 
by es(‘rinc. Numerous cas<*8 of poisoning have arisen from the exten- 
sive use of atroiiine in diseased conditions of the eye. It is often 
uss(‘rt(ul that it passtjs down with the tears through the lachrymal duct 
and is absorlx'd from the nose, throat and stomach, but as a matter of 
fact it may be absorbed from the conjunctiva itself. The symptoms 
lire gciK’rally only the milder ones of atropine poisoning — dryness of 
the throat and slight excitement — but dangerous and even fatal poison- 
ing has also arisen from its local application. In many cases this is 
due to the application of unimcessarily strong solutions to the eye, but, 
oil the other liaiul, some patients seem abnormally sensitive to the 
action of atropine, and hyoscine, or In^tter honiatropinc, ought to be 
preferred. Tii rare eases a curious inflammatory condition (»f the con- 
junctiva is set up by atropine, ami this is often supjiosed to be due to 
the use of irritant preparations, but sometimes seems to follow the 
ap|)lieation of the absolutely puii' alkaloid, and is apparently an idio- 
syncrasy ; it may, perhaps, be explained by the arrest of‘ the ordinary 
se(a*etiona of the lachrymal gland and conjunctiva in these cases. 
Sometimes discs of gelatin impregnated with atropim^ or homatropiiic 
sulphate (H. V.) are applied to the cmijunctiva instead of solutions of 
the salts. 

To Relax Spasm of the Intestines. — In various forms of eolii? atro- 
pine is of very great serviee in lessening i»ain and allowing the passage 
of the intestinal coutemts ; for instance, it is preferable to morphine in 
lead i>olie, as it does not causi; constipation. Hernia and volvulus are 
sometimes reduced by atropine injeeted hvqxidermieally (d mg. or 
gr.). It is often preseribeil along with purgatives in order to lessen 
the griping which they pptHluw, and has bwn used as a laxative in 
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some forms of constipation with considerable success. For action on 
the bowel it is generally pi'cscribed in pill form as one of the extracts 
of belladonna or hyoscvainus. The objei't of prescribing an impure 
preparation instead of the alkaloid is to allow of a strong local action 
along the intestinal wall along with a slow and im|H‘rfcct absorption, 
JUS the pure alkaloidal salts are liable to be absorbed in the stomach. 

To Relax Spasms of the Involuntary Muscles of Other Organs. — Tn 
the spasinixlic contraction of the ureters and bile ducts due to calculi, 
atropine is occasionally prt^scribtKl either in the form of a pill or in 
solution for internal use, or by liy|-K>deriiiic application. In some forms 
of asthma due to iV)ntriietion of the bronchial nmschs, atropine has 
been applied lo(?ally l)y means of a spmy or given internally, and 
stramonium leaves arc often found of benefit when ina<h» up int4» cigsir- 
ettes and inhaled when tlie atta<*k <H>mes on ; the smoke has bwai sluiwii 
tx» contain small <|iiantitics of the alkaloids. S<»nic» cases <»f asthma 
arc sai<l to have Imth permaneiifly cun‘<l by treatment with atro- 
pine internally. An ointment of atropine has also bmi applitn] to 
the cervix uteri with the hope of relaxing .spasm during labor, but the 
results arc somewhat questionable. Perhaps this action in relaxing 
spiusmodic contractions of nervous origin may also explain the laaieticial 
eifeots obtained in eascjs of incontinence ol* iirim? in ehildren in which 
bella<lonna has long been the most reliable reme<ly. 

To Lessen Pain. — Belladonna linirneiii, plaster and ointment have 
long enjoyed a (fonsiderabic reputation as local ano<lync*s, and utro|>ine 
has not infrecjuently Iw'en injected into paiiifnl areas. 'I'his anoflyne 
iiction is very weak <‘()m pared witli that of <M>eain(*, however, ami IIk! 
preparations of atmpiiie have laxai less iisisl of late yeai*s. In some 
forms of gastralgia atropine has also luiai ,miggeste<l. 

The Effects on the Central Nervous System of the mranbers of tliis 
group are very clillerent, an<l the purposes for winch they are used arc 
diametru^ally opposite. Atropine is used as a stimulant in various 
cxinditions of dej)ression of the brain and mtHlulla oblongata. Thus, 
in collapse its liypo<lennie injeetioii may be of use* to stimulate the 
respiratory and vaso-cionstrietor centre,s, and at the satm* time tt) free 
the heart from excessive inhibition. In dangerous ]H»isf)ning fn>m 
narcotic and hypnotic <lrugs, more especially in opium |K>isoning, 
atropine hits Ijceii largely used. A long ami weary dispute a.s to the 
value of atropine in tho.se castfs has be<*ii earri«?<l on, for the history of 
which the reader is referre<l to the recent paper liy Bash ford. The 
results indicate that atropine is useful in iiiorphim? jx>is»)iiing tlirongii 
stimulating the re.spiratory anitre, wliicli is the danger point. Ibii it 
must Ixj employed in small qiiantilie.s (l.o mg. or gr.), as large 
«losc.s, such as have fr«xpicntly bwn advi.s^xl, tend to depress the <x*ntral 
nervous system and thu.s to aid rather than U) aiitag<miw^ th<f nctiorj of 
morphine on the respiration. It may be qiiesti<m<sl whether in any 
case atmpine may not be replaotid by c-'iffidmi with mlvantagc. The 
former stimulates the me<lullarv wntn's but sub.sequently panilyjM^ 
them, while cafTeirie, even in comparatively large quantities, does not 
to have a deprcs.sant action in man. 
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Atroj)ine at one time had some reputation in the treatment of epi- 
lepsy. It has been shown both clinically and experimentally that this 
reputation was undeserv(j<l, the number of attacks and their violence 
bcinjr rather increased than diminished by its exhibition ; the belief in its 
powers arose from the use of impure preparations containing hyoscine. 

In some spusimxlic diseases, such as whooping-cough, i)elIadonna 
preparations have long enjoyed a wide reputation ; a possible explana- 
tion is that the hyos<ane may allay the spasms by redu<?ing the excita- 
bility of the resjiiratory centre. 

IIyi»scine or s(!opolamin(; has lx;en used as a nan^otic to dej)ress the 
central nervous syst<mi ; it is of great efiicacv in insanity, producing 
sound ami refreshing sh?ep, but is of h\ss value in controlling th<? excite- 
ment <luring the. day, ami may in fa< t increase it. Hyf)scine is also 
used with bciiclit in various forms of tn^mor of central origin, and is 
said to lessen sexual ex<atcment. Its hypnotic action does not seem 
t<> be of th«» same nature as that of opium, for in sleeplessm\ss ])ro- 
duced by pain it is of <u>mp:irativ(*ly little valm^, and it has no power 
to reli(^ve pain iiscdf. It dillers from chloral in not producing deej) 
sle(ip, for patients iimler the inflmauie ol* hyostiine can always be aroused 
and are much less confustid than after choral. The sp(*eial indications 
for hyoscine seem to Ihj shx»pl(‘ssncss due to abnormal activity of the 
motor ar(*as and soimj forms of tremor. 

Comparatively ree.cntly morphine ami hyoscine have been injected 
as a preliminary to surgh^al operations, Init as a general rule the nar- 
cosis indm^ed is insuHicient. As a preliminary to the use of ether the 
pnxHMlurtJ seems to b(^ of value, as much less of the anaesth(»tic is rt‘- 
(piired ; 10 mgs. (,\ gr.) of morpiiiiie and 0.;l ing. gr.) of hyos(;ine 
are inject(Hl two hours lu*foni the opemtion. 

Poisoning. — In cases of poisoning with belladonna and its allies the 
treatment Is purely symptomatie. In the excitement stage sedatives 
may Iwi nse<l ; perhaps (chloroform and ether are l)t*st, as their effects 
are more transient than the othei’s. Morphine has been adviscxl, but 
its a(!tion on the luspinitory centre nmders its use dangerous, as in 
seven* atropim* poisoning tlie stimulation s(H)n pass(*s into depn\ssion, 
and the effects of the poison and its so-called antidote therefore sup- 
plement each other. Chloroform and ether, on the other hand, may 
Ik* iis(»d to (Kuitml the spasms and then stop|H*d when these pass off. 
In the dt'pression stage caffeine may be used, and eventually artificial 
r(*spirjition. Piloearpim? is (»f course tiseless, as it does not antagonize 
atropine in the brain, whi(*li is the point of danger. 
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Agaricin,* 

Wliito A^ario (Ao^arifus albus, Ihilotus Larins), a growing 

on tin* Kiiropoan larch irn*, was ll)nn<*rly a pnro;ji live and antihydrotio 
of some repnk;. Its use to h*ssc*n the jM*r,spi ration (antiliytlroliej has 
been revived of late years, or rather a prepanition known as aj;:arii’in 
and containing the a<*tive pritnaph* has been inirodneed into th(‘ni- 
peuties. A^jaric* or A^nirieinic acid, the active* constituent, iM^hmgs to 
the malic acid .s(*nc‘s and ha.s the forinnla (',,11 ,.(( )H )(( ’<)( >1 1 

Action. — Both the* acid and its .-odium sail irritate the iiuicnus iiieinbraiies 
and wcuinded surfaces, and <*auM‘ intlaiiiiiiatin)i and evni sup]nirati<»n when 
inp‘(*ted .subeutaiieou.sly. Larj.;e (piaiititie.s irritate the i-=t<nnaeh and iniestitie 
an<l cause vumitin^ and pur;'ii;;r, hut llnvse are iimiic liable to ari.se from the 
impure a;j;:iriein owiiijx to its contaiiiint^ resiimus aejds. Injeeled into the 
fro", agaric acid paralyzes ifie eeiitral nervous .syslcin, wi jikeiis the heart; 
and stops the secretion of tlie .skin glands. In itiaminals t!»e. iiitraveiiou.s 
Injection of ai;aric acid is followe:! by depression, weakni ss. d>>pmea ami 
deatli. The medulla oblongata Is first slimulated and then paralyz<*.d. as is 
.shown hy the hi ofid- pressure Hrst risinjr and theti falliii" to zero, whih- the 
heart is primarily .d<iwed hy inhihitory aetion and later n ^ains its rhyihm, 
to eventually fail after tln^ arrest of the hrealhin;.r. .Nnimal.s eaii only hi' 
poisoned with dillie.ulty hy the .suheutaneoti.*^ iiijeetioii of a^ariein, and no 
pmeral .syrnploins arc elicited when it is a<imini.siMed hy the month. 

The ino.st interesting feature of the action of agaric salts Is the arrest 
of the .sweat secretion, which iscau.scd hy pf'ripheral aetion, for Htimu- 
lation of the nerves of the <;at’s f<M>t fails toeliiut perspiration after its 
inge.stion. It thus acts on the .same |H^ripheral me^fhanism asalropinf* 
in all probability, that i.s, on the terminations of the secretory nerves, 
but diSers from atropine in acting only in the sweat glands, for the 

] Vgaricin doers not rcfSfmblc Jitn>piiu* in its jrenend action, !K»r in its chemical prop* 
trrtiisi, hut it may he inMjTt<Hl at this point until the^e are more fully elm idatirfb 
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saliva, tears and other secretions are not hindered by it, and may, in 
fact, be increased by its causing nausea. It is also devoid of action 
on the nerve terminations in the heart and pupil. Atropine acts much 
more powerfully than agaric acid, at least twenty times as much of the 
latter being rcfjuircd to arrest the sweat secretion. 

Uses. — Agaric! n is used in the night sweats of phthisis and other 
similar conditions and is generally given in pill form in doses of 5-60 
mgs, '*"**^‘ commercial agaricin often contains a large per- 

centage of impurities and has to l)0 given in larger quantities, but the 
treatment ought to be begun with small doses. Tolerance is said to be 
acquired after some time, and the dose has then to be increased. Tlie 
best results are got when the pills arc taken 5-6 hours before retiring, 
as the acid is only slowly absorb<?d. If agaricin causes intestinal 
irritsition and diarrlam it may be given with opium, but as in phthisis 
all irritation of the bowel is to bo avoided, the remedy ought perhaps 
to bo stop|Kd when any such disturbance arises. 

Oth(»r antihydrotics arc atropine and camphoric acid. Agaricin is 
preferable to atropine, because the latter tends to cause dryness of the 
throat and other symptoms wlien it is given for some time even in 
very small doses. 

BuiLUKiUAPnY. 

lioJmMcr* f. oxp. Path. u. IMiariii., xxv., p. 189. 


XIII. COCAINE. 

Cocaine is a comparatively re<‘ent addition to therapenti(;s, although 
tlu* co<?a plant has been in use in South America for (ienturies. It is 
indigenous there, but has been introduced into India, Ceylon and Java. 
The leaves ol' the coca gr(»wn in Peru and Bolivia contain cocaine 
along with small quantities of other alkaloids, but the India coca and 
still more the »Java Ic^avc.s contain a smaller proportion of cocaine and 
a larger amount of the less known alkaloids. 

Co(;aine, lik(‘ atropine, is readily dmimposed into several constitu- 
ents. On heating it with water, methyl ahiohol is thrown off, leaving 
Ih'nzoi//-r(ynninCy whieh may 1 m» further broken up into benzoic acid 
and Kajonine^ a pyridine derivative. 


ni -^cii — clfcoou 
I I 
N((ai\,>eiion 

iL-cn~ -On.. 


t\n!aine. 

cn.. -tai — rii co-ocH, 
cu. -On — cn. . 


(\ieaine is capable of being elmnged in soveml different parts of its struc- 
ture. Thus ethyl or propyl may be substituted for the methyl group, the 
ben/oyl mdiele may l)e replaeed by various others, such as diniamyl, and so 
on. Many tirtificial ct»caines have been formed in this way, and several of 
these have .since been found in the cultivated plant, UvS for example Cinm- 
tMy/-eooiiiae, in whhdi clniuimyl iHitcupies the position of benzoyl in the alxive 
formula Various other alkalqhls, .'^uoh as CoeuwiVu*, Rsococamtnej Homocooh- 
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min^ and ffomoiso^camine are also present ; all of these' eontain the ee|^>nino 
molecule in combination with various acids, and cocaine may he formed from 
all of them by isolating the eegonine and cotubiriiiig it with ben/oic add and 
methyl. These alkaloids are present in the plant in vt‘ry small «pmatities 
compared with tMuaine and have not been used tlit raptiuically * Another 
alkaloid which has been found in tlie Java cocji is Troparwuinr, wiii«*h is a 
combination of Innizoic acid and a base w hic.h was formerly sup- 

posed to be identical with the pseiidotropine dertvt'<l fi<tiii hyosciiie, but has 
Ikhui shown to he of dillerent constitutum. It will he observi‘d that the 
formula of eegonine resembles very <?losely that trt>|>ine, tMuii containing 
the same nucleus, but ditlering slightly in tJie radicles attached to it. 

The most important efleets of cocaine are tln»se on iheeentral nerv- 
ous system aiul <ui tlie sensory nerves. 

Symptoms. — The symptoms of eoeaine poisoning in man vary a good 
<leal in different individuals. In most easi\s small (juantitics prodiiee 
sotne exeiteinenl, pleasurable or disjigreeable. The palient is gener- 
ally restle.ss tind more garrulous than in t»rdinarv life, ol’ten stunewhaf. 
an.xionsaiid confused, Hut very often a small dose is followed by u 
calm, languorous state, somewhat resembling that indueed by small 
ipiantitics of morphine, but differing from it in there being less teml- 
enoy to sleep. The pulse is ac!c*elerated, llie r(‘spiration is tpiiek and 
tlcep, the pupil generally dilatetl, anti beatlaelit* and tlryn^ss of the 
throat are oftcai eompluinetl of. Tin* relh'xes may be foimd Hom<‘W'htti 
mow? easily excited than usual ami tremors or slight tMmvnIsive move- 
ments oftt?n ocotir. Later, |>owfrfnl tonit* or elonie etmviilsions siiper- 
Vf*ne, the heart beexunes extremely a<H.‘elfrat<‘tl, tin* bn^atbiiig bt'ctam's 
rapid and dyspmeie and may be finally arrested during a tfoiivnlsimt 
III other cases the eonvulsive sta/airts an* almost entirely alisent and 
fainting and collapse <K*eur. Tlie skin is <*yanolitt ami (»old, tin? Iieart 
slow and w'eak ; the respiration is v<*rv mueli dc|»n‘ss<*d ami death f«d- 
lows from its gradual tressation. Vtmiiting is occasionally seen at an 
early stage, but is not by any mean.s comimm. 

In the tlog, cat and rabliit the sympt<»ms an* invariably tbfise of 
stimulation of the central nervous syrtO'iti. Soiui after the iiijef*tion, 
tb(i animal shows symptoms of great restlessness and excitement ; it 
seems unalile to keep still, the dog at fii>t showing all the signs of 
aifet'tion and i*xcit4:*im*nt wdiieb he displays on onlinarv oi'casions on 
lieing unchained or taken for a w%alk, hut afterward- ninning eotitinu- 
ally in a circle and paying but little liecil to anything around him. 
Still later regular eonviilsious oc<*ur, and tlie^c* are at first elonie hut 
may afterwimls b(?come tonic, ami llien n*seml)le tliosi^ seen in strych- 
nine |KHsoning. Even befon? the wiivulsions appear the animal 
partially unconscious, and in the intervals betwee n them he lies in an 
apathetic state, w^hich soon de<*|M*ns to <*oiiia and death from asphyxia. 

In the frog a certain amount of stimulation of the* central nervoim 
J^ystem is often displayetl after small doses — increased movement, exug- 
geratefl reflex and ocNiasionally wnvulsion.s — hut fhe^* sfioii pass into 

’ ffvffnm, which wjkH formerly »up|M>»e<I lol>e jinsscnl i» Icuvc**, Ikik l><;fru hIiowu 
ocHl to exist in them. 
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depression and eventually total paralysis of the central nervous system, 
while the peripheral nerves still maintain their functions. 

General Action. — Many of these symptoms point to a stimulant 
action on the Central Nervous System, resembling closely that seen in 
atropine poisoning. Thus the garrulity which is so often produced by 
cocaine, indicates an increas(?d activity of the cerebrum, and the in- 
creased movement in the lower animals distinctly points to an affection 
of this part of the brain, for the movements are ])erfectly coordinated, 
and, in fact, in the early stages resemble exactly those performed by 
the normal animal in a condition of extatement. Further evidence of 
the action of <!<»eaine on the cerebrum is otlered by its effects on mus- 
cular work. 1'lui natives of J^ ru and Jlolivia liave used it for cen- 
turies to iuenrase their endurance of fatigue. The bearers of the 
Andes, for (example, march for hours and days wdth very little rest or 
food when they ari^ suppruMl with coca leaves to chew. The effects of 
cocfune on the miiscadar }K)wer and on fatigue? have been investigated 
also by means of the (‘rgograph and dynamometcT, and all observers 
arc at om? in asserting that much mon? woik can be done after cocaine 
than before? it, and that it has a surprising potency in removing fatigue. 
As regards mi‘nlal work, its eilects are less known, but on the analogy 
of (lafleiiie it may lx? su|)posed to increase tli(‘ mental powers also when 
tak(‘n in small <|uantities. Some travellers in Semth America relate 
marvellous tales of its producing fielings of the highest bliss and 
power, but these have not been <'onlirmefl by ex|)eri(mee in the action 
of cocaine in less romanti<? regions of the globe. Cocaine in small 
quantities, then, increases the higher funetions of the cerebrum, while 
in sonu'whal larger doses the stimulant effect spreads to the lower areas 
and produces a very great increase in movenn^nt, accompanied, it would 
seem, by a depression of the consciousness. At the same time, the? 
cobniinating or balancing pow<*rs seem affected, so that the animal 
generally niov(‘s in a circle, the symplians resembling the fi>rced move- 
ments often seen in aHec^tions of the <*erebellum. 

The motor arenas of the cen»brum have Ikh'u found to be tiion* easily 
Rtimulated by the electric sln>ek when eo<*aine is injected, though when 
it is painle<l on the surface of the brain it lowers the irritability, owing to 
its action as a general proto])lasni poison. Still larger (juantities imluce 
convulsions, which are iu>t of spinal origin, but point rather to action 
on some undetermined part of the hind l>rain. At an «»arly stage the 
medulla obhmgata is affected, as is shown by thequiekened respiration, 
and the exaggerat(Ml reflexes iiulieaU* stimulation of the spinal cord, 
which may be so great afler very large doses as to cause cfmvulsions 
like those produced by stry**hnine. 'Fhe action of eot*aine on the cen- 
tral nervous syst(»in is primarily a desetaiding stimulation, the cere- 
brum being fii’st affected, then the hind brain and medulla oblongata, 
and last of all the spinal cord. IVrhaps it might lx* better expressed 
by saying that after small quantities the chief symptoms arisi' from 
the eeivbrum, but as the dose is inerease<l those from the lower parts 
of the central axis tend to become more prominent. After the stinm- 
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latioii thore sucwetls depression, whioh follows the stimulation down- 
wartls, affeetin^r first the eerebnim and then the lower divisions. The 
two stages are not definitely divided, however, one part of the <*<'re- 
hrum often showing distinet depression, while another is still in a eon- 
dition ot excessive activity. In some eases, espet*iallv in man, the 
stagt^ of excitement may he very short or apparently :ihsei»t, and the 
whole course of the symptoms tlien }>oints to nuHlnllary depn^ssion. 

The Respiration afh'i* cocaine is much a^eelerated owing to tvntral 
stimulation. At first the depth of the movement is not c‘lianged, hnt 
as the acceleration |)rogn*sscs, the air iiispirc^d with «\ach hrealh gnuln- 
ally beeoiiies less. During the convulsions the respiration is irn'gnlar 
or ceast*s, but it rec(»vers again in the intt‘rvals, until after a vt*ry vio- 
lent paroxysm it fails to be reinstat'd. In other c:ises the breathing 
iKVomes slow(‘r and weaker after a time, an<l <‘\u*ntiially strips from 
paralysis of the <M'ntrt*. lVri<Mlic n'spiration is fre(|ia‘nlly seen, of the 
form generally known as ('licwne-Stokes'. (Sic* Murphinc*. p. 213 .) 

The Circulation is altered by t'ocaiiu' nwnig to its action on the 
h«*art and on the vessels. The heart is inu(*h a<*c‘c*leraled in mammals, 
while in tin* amphibians this is less i»fteii ohservtMl. ({ui<*kc'iiing 

has been aserih(*d to jiaralysis of the inhibitory lerminations, hnt this 
se(»m.s not to he the case, for stiinnlation of the vagus slows the heart 
ev<*n late in the poisoning, 'rinr heart is areeh'iatiul, then, either by 
direct action of the mn.s<*le or by stiiiiiilntion of the ac<'<‘leralor inecli- 
anlsm. It is oftc*n slow lu'fore tlealli, Imt apparently not invariably, 
and this is j)rohahly due to direet action on thcinnych'. In tin' frog’s 
heart the inhibitory apparatus is paraly/ed, the gai»glia Udiig afle<'t«sl 
in the sanu* way as by coniine and other ilrngs. 

The vt.'ssels are inneh e«)ntni(*t(*d in tlie earli(*r stages of poisoning, 
and this, t<»getli(*r with tin* iiHTeaseil rati* of tin' heart, leails to a very 
considerable rise in the hlood-presstire. The eonstrictioii of tin* veshc'ls 
seems partly due to stimulation of the vaso-(*onstnetor centre, for si*c- 
tion of the splanchnic nerves leads to an iinmciliatc fall in the arl<*rial 
tension. Hut <?o<*aiiie also exercises a ilirert action on the vessel walls, 
for its loe,:il appliiration hsuD to eon.-trietion of’ the vessels and 
hlaneliing of the tiiucons meinhnuies. It has not been <letenniiied 
as yet how fiir tliis din*ct action the vessel walls alli** ts the hlood- 
pnjssnre when cocaine is absorbed or wlien it is injeeted intrav<?n> 
ously. 'fhe Idood-pres^nre snhsi*fpieiitly falls, apparently from |K*ripli- 
end action, if Anrep’s assertion that stirnniation of the splanelinic 
then prt>dtiees no further risi* of pn*ssiire hr* correct. 

The effects on the p<*ri|)lier;d Nerves and Muscles an* disputed, for 
Mosso states that small cpiantities increase the s!n*ngtli of tin* musetdar 
contractions on eler*tricai stimulation both in man and animals, while 
others have faih-rl to obtain any such effect. 

After the iiijeetion of corraine, Anrep ohsr*rvf*rl mark<*«l pallr»r of the 
Intestine and powerful pr-ristalsis, while very largr? <losr*s r'ansed rlila- 
tation of the mesenteric vessels and lessr*nf-il the movements of the 
l)owel probably through paraly/Jiig the loe^il nervous mechaiiisiii. 
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The Urine is sonietimes said to l3c increased by cocaine, while in 
other instances its injection has lieen followed by total anuria lasting 
for several hours. This suggests that the action is not a direct one on 
the kidney, but is caused merely through the changes in the calibre of 
the vessels. 

The other Secretions seem ratlicr decreased than augmented, but no 
very marked ellecits arc produced on them. 

The Temperature generally rises in cases of poisoning, sometimes as 
much as 3-5^ from increased lit^at formation caused by cerebml action. 
Langlois and Riclict observed that the higher the temperature of the 
animal the mon^ (nsily were convulsions produced by cocaine and the 
more seven* their type. 

It used to h(i siijjpoHed that cocaine retarded the Tissue Change and 
that Ic^ss footl was r(.M|uired wluai it was supj^lied. This was based on the 
statement oft lie. (mduraneii of the natives of South America when they were 
allowcrd to chew cf>ca Icavi^s, ami on the (liscovery that the leaves also allay 
hunger to some degree. Hut the iiujrease in the working power is due to 
the ellee.ts on tin* central iutvous system, while tin* craving for food is prob- 
ably lessened owing to the eiicaine indueitig mimhncss of the sensory nerves 
of the stomach through its local action. 

A eurions etiect of co<*aine, noted by Khrlic.h in mice, is a widespread 
destru(!tion of tli<< hepatic cells, which be(Hinu5 vacuolated and often 
neerosed. The liver is mindi iiiereascnl in size and looks pale from fatty 
inlUtration, which is also present, but which is not so characteristic as th-e 
vacuoles. 

Some c(X!aine is Excreted hy the kidney in the dog when it is ab- 
sorbed into tlie blooil, hut Ho per vaut. of that ingested is destroy(*d in 
the tissues, and this is the fate of all of it in the rabbit, in which this 
oxidation proceeds very rapidly. It is unknown whether it is oxidized 
in man, who is mu<?h more suseeptihlc to its ac^tion than these animals. 

Local Action. — Ooeaiiu* ap|>Iied locally in most parts of the body 
prodtiees ti loss of sensiitiou through its paralyzing the Terminations of 
some of the Sensory Nerves, particularly those conveying impre.ssions 
of pain and touch. It is ollen stated that the end organs of the nerves 
(5on<!i*riu‘d with tin* feeling of lu*at and cold are also disorganized, hut 
the cKMct r(*seareln\s of Kiesow show that this is incorrect, and that 
lu!at and cold are recrognized as readily as in the iiiKilfected parts of the 
body, CinMiine. applied to the tongue n*nioves the taste of bitter sub- 
stances, while sweet and acid flni<ls lose tlieir taste only partially, and 
salt is recognized as easily as usual.' A solution applied to the nasal 
mucous membrane paralyzes the sense of smell entirely. The aiuesthesia 
or insensibility to jwiin and touch may be induced in any of the mucous 
membranes that «ni Ik* reai*hed by cxMiaine in sutficieiit concentnition, 
pharynx, larynx, (esophagus, stomach, nose, eye, urethra, bladder, 

* A (Mirious contr.ii«t is prosentcil in this resptvt by gymneinio .icid, which is obtained 
from iho iJvnnuMna silvostre, and which n»movcs tlic scnsition of swcctiioi^, while 
bitter'’ is’ less artcetiHl and ‘‘acid’* and ‘salt ■’ are rec'oginrxHi as readily as usual. 
(ilyiiiiu>uiie aciti d«H>s not affwt any other senst^ organs, its far ius is known, and is, in 
fact, devoiti of imerest, ext'cpt nh ivgnrtis its effect on taste. 



vagina and rectum. Applied to the unbi'okon skin its effivts niv less 
niarkedi as it penetrates but slowly through the horny epidermis ; but 
when the epidermis is removed by abnistoiis or by skin ilist^ase, the 
cntaneoiis organs of sensjvtion art‘ acted on in the same wa^ as those of 
the mucous membranes. The deojK^r seiistirv terminations can also be 
acted on by hyjKidcirmic injection, which causes a feeling of numbness 
and the relief of pain in the part. Hypodermic injection ivaehes not 
only the nerve terminations of the subeutaneons tissues, but also the 
finer nerve bundles, and these too are ixmdered insensible as far as tin* 
solution extends to them. The part may therefore be cut into or be 
subjected toother surgical treatment without pain, as long its the knife 
does not pass beyoiul the area to which the drug has penetrated, and 
numbers of grave surgical operations have been performed under the 
local anaesthesia produced by cociiinc. Injected intii tin* neighborhood 
of a nerve trunk, cocaine penetrates into the fibres and induees ames- 
thesia of the organs supplietl by the nerve, ami injeeted into the spinal 
canal, causes amestliesia over large areas of the body, stunetimes over 
almost the whohj body ; this is probably due to its acting on the pos- 
terior roots of the cord. It must bo noted that tin* uiiicsthesia is only 
prodiKiiid by the local application of the drug, 'fhe iiittoMml aiimiii- 
istratioii only leads to a partial loss of simsatiou in the throat ami 
stomach, and no aniestliesia is iiidmaHl by its action after it n?aehes 
the Idood vessels. The reason for tins evidently is that in order to 
paralyze the sensory lil)res and terminations a considerabh? amount of 
the drug is required, but much less is iieeessarv to paralyw^ the cMuitral 
nervous system. Kveu in the frog, the sensory terminations are not 
fully paralyzed until all symptoms of rert<!x exiTitubility liave disap-* 
pcared and total paralysis has .su|)crveiied. 

A good deal of discussion has arisen as to whether the action on the sen- 
sory terminations is a spOiMtie oms or whethia* they are ]>araly/e(l hidon^ the 
motor endings siiiijdy because the cocaine cf»im?s in 4-onf2M’t with tlinn tSrst — 
wlicthcr, in fact, if both endings were exposed e«niaHy t«> the action <»f the 
drug, as o<?ciirs when it is distrihutnl by the hlooil v<*ssf?ls, tln^ sensory ter- 
miiiations would be speeifi<*a1ly uttm-ked ami the motor left unuf!V*.<'tiMl. The 
action was jit first supjxiscd to be a specific mie on the sensory t^u'iiiinatiims, 
ami it was steted tliat cocraine Jicted on the sensory terminationK in the same 
seh‘ctive way as curara does on the motor eiiflings. 'Hien* seems, however, 
to he no groun<l for su|>]i(>sing that this is the case. At the saim^ time 
eoeaine jiossesses a <Jistiiict selective power for the s4*iisory nerve trunkH con- 
veying sensations of pain, for when it is inj4M*(4‘d into the spinal i;anal, (hero 
is ofleii complete insensibility to pain wliih* wjirmth, <*olfl uml touch K<.*nsa- 
lionsarc still perceived and the moter functions are unchunged. 

When (iocaiiie is applied hKially to a niiicouH meinbrfHie it prodnees, 
l>esides a lossof sensiition, a feeling of c?onstri<dion am! a distinct pallor 
and contraction of the ves.sels, wliicli jx^iiits to-ia l(MJaI action on the 
vessel walls. 

The anaesthesia prrKliicecl by (Mjctiine is (jornparatively short, but 
varies with the strength of the solution applicKl and with the vasttularity 
of the part ; as .soon as the cciciiine is ali^)rlx:(i, the loctil action disap- 
|)ears and .sensation returns. 
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Cocaine is applied to the Eye more frequently than to any other part. 
It produces local amesthesia here, along with contraction of the con- 
junctival vessels, and this is followed by dilatation of the pupil and 
often by partial loss of the power of accommodation. The dilatation 
of the j)upil is much less than that produced by atropine, and differs 
from it in 8ev(U‘al respects. Thus, the light-reflex is preserved, the 
pupil contracting in liright light and dilating further in the dark ; a 
number of drugs which have little or no (dfect after atropine, contract 
the cocaini/(?d jiupil (pilocarpine, muscarine, physostigmine), while 
atropiiKi dilates it still further, and e>ocaine produces some dilatation 
after the full atropine action has been elicited. It is evident, then, 
that th(i two drugs produce dilatation by acting on different mechan- 
isms, and although the way in which cocaine dilates the pupil has been 

Fkj. 28 . 



niagrniu of Iho iiinorvritioii of Iho Irifi. f\ n fihro «»f tho motor ocnii imssine from Iho brain to tho 
t?ill«ry gungtlon .V, in wluVli it ti'niiiiuiti'S Hroiiiol u nrrvo tvll, ?h*imTs nit axis rvlimivr to 

t(‘niiiiiat(\ iV, in tin* rlnMilm* tibrns of ilii- irK /;, u «i|iiiial iotm' libro isMiing from tlit' lowttr t‘**rvirttl 
ooni, running through liio ^toilutiMiud iiilVrior ivrvii'ui ganglia iiiui toniiinaiiiig uroumi a gnngiion 
oi'li in Iho su|>orii»r corvu-iil gnngiion, a. Tho axi.i ^.■yli^llor I'roiu this lu'rvt* roll runs to tho iris (pass- 
ing tho oiliavy gunglioiil and toriuluutos in lihriN f. «ii Ihv radiating tihn"«. r ; \s tin; point whirh 
t'ootiino stiiunlatos and tlio ivsiilinnt roniniotion «if tho iiuim'Io tihros oiiiisos dilation of tho pupil, hut 
whou strong impiilsos do^t'oiid to M, ns Imppons when tho o\o is iV\pos(<d to i»righi light, tho circular 
miisolo ovoi'iHuntvH liio wonkor radiating lil»ros. and Iho pupil is roiitnii'lod. In tho snnio wav strong 
Ntiiniilnlion of .V l»y iniisoarino ovimn'oiuos tho sfininlatioii of (' i>y oooaino, whilo, on tho othor hand, 
whon M is paraly/od hy atropiiio and tho oiivular fd»r»*s aro thus' thrown out of action, the radiating 
luusclos aro unopimsod. and oooaino causes a groaicr dilatation than iu the nornial ovo. 


a matter of dispute, tlu> groat majt>rity «>f investigators now hold that 
it stimulates the ttM-minatious of the dilator fibres. (Fig. 28.) The 
motor oeuli is not iuvolvtul iu its effects, uuless very large quantities 
arc applied, wlum its terminations may be depressed in the same way 
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as by atropine (Scluiltz). A strong argument in favor of tlio view 
given al>ove has been found in the observation that when tlu' dilator 
nerves degenenite, owing to removal of the sujHTior <*ervieal ganglion, 
cocaine fails to enuso <lilatation of the pu]>il. 

Several other symptoms are produced by the loc^d application of 
ciX*aine to the eye, at any rite in some instances. Thns, the iris ves- 
sels are sometimes mneh eonstrieted, the eye is more widely open than 
usual, so that the white sclerotic is seem alH>ve aiul below the iris, the 
whole eyeball is pushotl forward (exophthalmos), and the intraoeiilar 
tension is said to be considerably r«Mlnc(*d. All of these features 
are produced only after cocaine has been applied in eonsiderable quan- 
tity and for sonic time, ami may be due, at any rate in part, io its 
absorption. They may all be observed in the niipoisone<l animal wIkmi 
the cervical sympathetic trunk is stimulated, and lh(‘r<*ft>re seem to in- 
dicate a spiHMal a<?tion of coeaine on the centres or ttTininalions of this 
nerve. All of these symptoms, except tlie ana'sthesia and the pallor of* 
the conjum*tiva and iris, arc pro<lii<*cd by the iiij(>c(ion t>l‘ cocaine as 
well as by its lo<*al application, but in this ease an* pr(*V(*nleil l»v pre- 
viiuis section of the cervical synipalhetie. C'ocaine does m»t pn^liice 
any dilatation of tin* ]Mipil in birds. 

(‘ocaine brought into immedi.ale (ontaet willi nerve terminations 
paraly/(‘s them, but this is true for so many otlii*r forms of living niaftcr 
that it may be n^ganltMl as a General Protoplasm Poison. Thus miisch's, 
nerves, and nerve emls cease to contract or to eomhiet stimuli whi*n 
they an* (rxposed to ev<*n very dilute solutions of* (MK*aim* ; the ciliated 
epithelial etdls, leucocytes, ami spernjat^^zoa bccoim* motionh*ss; tin* 
eortiijul m*rve cells lose (h«*ir excitability, and many of tin* iiivcrh*- 
brat<'s are killed by even a short (‘Xposnre to cocaine, 'fhe move- 
ments <»f pn»to|dasm in plants are also retarded or entirely suppressed 
by this poison, ami the process of putrefa*’tion is df layeil eonsifiiTably. 
In some eases, notably in the higher invertebrate's, tint final ilepntssion 
is preeetled by a stage of incrcasecl movement, and it is sai<l that (he* 
irritability of nerve? is also auginentcfl at first. In tither instances, 
however, cocaine induces only depression and paralysis. 

Other examph.'s of this <lestrii<aive aetioii an* also seen in the (hera- 
|w*ntic use of <*ocaine, for the eorrica is ofti-ii rendered somewhat 
cloudy from its a|>plieatioii, and its siibeijtaiH*otis injeeiion is soitiettmes 
fidlowed by mterosis. Victims of the nH*aine habit often show im- 
tnerous seal's cm the arms and legs from thi< hMtal gangrem*, although 
this is probably often due to unsterilized syringcfs ratine than to the 
solution. 

Most of the other natural alkaloids rescnihle Cfiejiine in many poinls of 
l1i«*ir action, as far as thc?y have* tw^en iiivcstigaUMl, hut some of the artificial 
coin|>faincls prescnl divergences from the general l.v[»e. Thus a itumher of 
them do m>t produee aii:esth<'sia, altlnaigh wjo.t-i of the nearly allied foniiH 
'•aiise the eharactcristk! changes in the liver cells ; sfiinc of them dc'part en- 
tirely from the typical roeaiiic' aetion. 

Comminc is often said to he a cardiac poison, hut i1#4 action on the heui’i 
siteins to resemble in general that of cocaine, it has, liowe\'er. a much more 
20 
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intense action on muscular tissue, which it, like caffeine, throws into rigor 
mortis. Its anaesthetic power is very small. Borne authorities regard the mus- 
cular action of caffeine as an important factor in its preventing fatigue, and the 
presence of cocamine in the coca leaves might be used to explain the similar 
effects induced by these, but the quantity is probably too small to have any 
noticeable action. 

Jiert^ylecfjonine is a comparatively weak body, which produces symptoms 
resembling caffeine — increase<l reflex excitability, muscular stiffness, and rigor — 
and e<i<jonine is still less active, but elicits in frogs similar effects. 

IVapacocaine resembles cocaine very closely in its general action, but is 
less poisonous. It produces local anaesthesia more rai)idly but for a shorter 
time than cocaine, and causes less dilatation of the pupil. 


PUEPAUATIONS. 

Coca (U. S. P.), the dried leaves of Erythroxylon coca, containing J-1 per 
cent, of co(*aine. 

F/.uiflti.rfr(tchtm Caviv. (U. B. P.), 2*-4 e.c. (.^-1 fl. dr.). 

lidraviuta Coatr JAynidum (It P.), fl. dr. 

Vlnuvi VuvAV (U. S. P,), l() c.c. (4 fl. drs.). 

(?o<JAiNA (U. B. P., It P.), an alkaloid obtained from the leaves 

of Erythroxylon cf»ca and its varieties, forming colorlcsn crysbils with a bitter 
tjiste followed by numbness ; insoluble in water, soluble in alcohol. 

<!o<;ainac nVouociitoiumtAi (U. B. P., Jt P.) ((?,,Hj,,N(\]f(?l), eolorless 
crystals, very soluble in water and uleohol ; w'atery solutions cannot be boiled as 
the alkaloid bMids to decompose, O.Ol-O.Off (». ( A gr.). 

JitmelUn Cuvnhm ( It P. ), each eoiitaiiis gr. of the hydrochloride. 

Jujectio (hcithuv Jfi/podrntilm (Jt It), Iti percent., 2-5 mins. 

Unytienlum Covaimv (It Jt), 4 percent. 

(Hfithtm Ciicaintv (11. B. It), 5 percent. 

Ti'odimi Knumruv d Coettimt (It !\), eneli contains gr. of the hydro- 
chloride. 

The Therapeutic Uses of cocaine are almost all dependent on it.s an- 
aesthetic action. It has been sugg<*sted as a brain stimulant in various 
conditions of mental depression, but has not been widely used for this 
])urpo.se, which is better served by the less dang<‘r()ns eafliiine. A 
Avine (Mmtaining eoea extract i.s often used in domestic medicine as a 
“ gcneml tonic/’ and has re|H‘atedly given rise to the cocaine habit. 

Jt.s aiuesthetic properties rcuider it extn»mely im])ortant. In oph- 
thalmic surgery it is used very largely both during operations and to 
alleviiAtc pain, and oeeasionally to eonslriet (he vessels of the iris in in- 
tlammatory conditions. For complete uiuesthesia a 4 per cent, solution 
may be employed, while to allay pain one of I -*2 j>er cent, is all that 
is neeossiiry. 4'he amvsthesia is of sliort duration, generally sotting in 
after T)— 7 minutes ami passing olf 2t)-30 minnt(\s after the application 
of tlie drug. Oeeasionally eoc^jiine, especially in strong solution, pro- 
duces a certain amount of opacity of the cornea, and it is stated that 
wounds heal less ivadiiy, and irritant antiseptic's are more dangc^rous 
with iHH'aine than witliout it, Tlii.s may sometimes be due to tlie use 
of inipure cxx^iine, but it may lx? noted that cocaine is a protoplasm 
})oi8on, and may tliereforc lessen the ivsistanoe of the tissues with 
Avhich it comes in contaot. The usual explanation given that e<x?aine 
paralyzes sensation in tlie txuniea, and thus prevents the reflex winking 
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which removes foreign l)CKlies fmm the surface ami keeps the eye moist, 
is obviously insufficient, as the aiuesthesia is of but short duration. 
The dilatation of the pupil produee<1 by cocaine is much loss c?»>iuph*te 
than that under atropine, and can only be taken advantage of in diag« 
nosis by using very dim light, as the pu|>il CiHitracts in bright light 
almost to its normal size. Oii the other haml cocaine is much less 
iiyurious in glau(M>ma and the dilatation c?aii be removed at once by 
the instillation of a fifw drops of physostigniine. 

In tlie nose, thraat and larynx, cocaine is use«l in a solution of I 
per cent., sometimes lO-lJO per cent., and anaesthesia is obtaimHl with 
greater difficulty than in the eye, but the locral contraction of the ves- 
sels is often of great service. Cocaine is used largi'ly in operative 
procedure here and also in the treatment of irritabh^ <^4)tiditioiis of the 
rt'Spir.itorv passage's, such as hay fever. In the im'thra, rectum and 
vagina, cocaine may also be used either as an ainestlicti<! or to rt'licve 
pain teinpi>rarily. It is sonn'times of servi^^e in painfid or it(*hing 
skill tlisc'ascs, but care* must be taken not to apply it to largi* broken 
surface^, otlwrwisi' syinpt4uns of jMiisoning may follow, 'fhe hxial 
ac'tioii on tin* stomach is often valuable in checking vomiting due to 
gastrii* irritation. 

For many ycnirs aft<‘r its intt*oducti<m us a local amcsllictic in I SSI, 
its use was pra<*ti<*ally limited to minor o|H'rations in tlii' nose and 
thi’oal and to ophthalmic surgery, fewg<»ncral surge«ms venturing on its 
a|)p1i<ration in otln'r fi(‘hls. Within (Im‘ last f(‘\v years, howevrr, its use 
has iin<lcrg4)ue a wide extemsion, so that almost all the major surgii'al 
operations have li(*cn performed under itfUndloml amestli«‘sia by means 
of cocaine or cneaim' has now laa-oim* a rival of etluT ami c'ldoroforiii. 
Occasionally partial local amesthesia is combined with the administra- 
liiHi of small quantities of (!hlorofonii or ctiu'r, which are insuflicamt 
to pntducc coinph'te uneonsci<msness, but caust» a miiiibing 4)f the 
sensation, which, tog<?ther with the local action, permits of a paifdcss 
operation. At first- stivmg solutions were inje(?U'd to prc'pare the way 
for the knife, each step forwar<l in the o|H'ration heiiig preceded by an 
injection of eoc^aim^ to imliKM* ainestliesia <»f tin? layer of tis>sne to l>e 
incised. But this rm'thod, which has bccai usi*<l ehiefly by Keelus, 
nMjiiired dangerous quantities of the drug, and is now sc'jin'ely used 
except for minor operations in which a single inj* f^tioii is sufficient. 
A more satisfactory mctlio<l of hical aiiiesihesia for o|w*rative piirpises 
has b(*cMi introduced liv S<’}’leicii under the name of inJUfroium 
tUiirMhcsia, A large quantity, soni4»times as much as 200 cx. of a 
solution containing 0.01 jK'r cent.’ of eoeaine and f).8 p<*r cent, of 
sodium chloride is allowed to |K*rmf'ate tint tissues through a fine 
hy|i<Hlerinie net^slle. Only very slight jirewsure is nv|!jinHl and the 
wliole of the snrrouinling structures ls«i*ome svvollen and aslematoiiH 
and can l>e cut into withotii pain. Much of the fbii<l throngh 

the incisions and no symptoms of jM>5s«>ning arist*. Sehleieh attributed 
the anas^thesia partly to the pressure exertcfl by the solution ami partly 

* Some fi|>eriitors esc a 0. ! jsjr cent. itf4tition and t hen Icssr 
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to the imbibition, but later investigators have found it to be dependent 
on the cocaine alone.* Another method (rajional anaesthesia) is the 
injection of cocaine into the immediate neighborhood of the nerve 
snp])lying the part to be ofierated on. Complete local amesthesia is 
obtiiined, and shock is less liable to occur than when general anaesthe- 
sia is induced (Crile), This m(‘thod has l)een used extensively in 
operations on the foot and lianrl, for which it is admirably suited ; it is 
difficult to adapt it to other parts of the body. The local action in 
botli infiltration and regional amesthesia may be aiigment(‘d and the 
dang(‘r of general poisoning lessened by retarding the circulation in 
the part to lx? opemted on. This may be done by applying an 
Esmarch bandage above it wh(?n a limb is involve<l, or by the apjdica- 
tion of cold by means of ethyl chloride ; but the best results are 
obtaiiKxl l>y using a 1 per mille solution of adrenaline along witli 
co(*aine. 'fliis contracts the vessels and arrests the einadation locidly, 
and flu? cocaine thus remains long(?r unabsorb(‘d. Braun recommends 
3 drops of 1 per milh* a<lrenaline solutirin to oO c.<*. of cocaine s(»lu- 
tion for infdtraii(Hi. 

After it was found that fhe nerve impulses from the periph(*rv to 
the <?en(ral nervous system (?ould be blo(‘ked by the injection of 
co<;ain(‘ into the p(*npheral nerves, the n(»xt step was to obstruct them 
hig!u‘r iti their <?ours(‘ by applying it t<» the spinal roots {mharavhnnUl 
auivsihesia), 'fhe lirst to attcuiipt this was Corning of New York, 
but the (h'velopment of the ]>ro(?edur(? is dm? to Bier and Tuflier. A 
long hollow ne(‘dle is ])ass(*d into the spinal canal between the lamime 
of the lumbar verb'bne and I c.c. of a 2 per cent, solution of co(^aine 
hydro(?hloratc is injeerted, after the withdrawal of an e<juivaleiit amount 
of cerebrospinal fluid. The a(?tual amount of cocaine injected is thus 
0.02 (i. (J gr.). Within a few minutes numbness begins, generally in the 
feet at first, but soiu<?time.s in the lower part of the trunk ; it spreads 
upwards rapidly until sensibility to pain is lost everywhere below the 
diaphragm and sometimes in tin* thorax ; in some cases even the head 
has Ixrn found amesthetized. The seiisatums induced by warmth and 
cold are less «|uickly attecU’d, touch is preserved to some extent and 
the limbs can be movc«l readily, though the movtaiuaits are carried 
out more slowly than usual ; the consciousness is unimpaired. This 
condition lasts from half an lionr to an hour and then sensation 
returns gradually. In the beginning of the action some muscular 
twitching is often seen, ami the muscles are never relaxed as they are 
nmler chloroform or other. \'omiting occurs in a large pro|K>rtioii of 
c?jises either during or after the o|K»ration, and jHU'sistent headache is 
genenilly present. The cocaine is Ixdieved to act on the posterior 
nerve mots and not on the i*ord itself. The cerebrospinal flni<l has 
Ihh'u found to contain a large iuuuIkt of jX)lyiiiiclear leucocytes after 
the injection and ivsnmes its normal limpid character only after several 
days, 'rius method of aiuesthi'sia lias lieen iisimI in a large number of 

* Ileinze sliuNVwl ihm da* inoruhinv conuiuxst in iSchleicirs oriirinal fluid was siut)e^ 
Huous. ^ 
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opcnitions^ some of them of the gravest nature ; it has also been sub- 
stituted for general anarsthesia in lalxir. 

Of these methods, Seldeicirs infiltration has been most widely 
adopted and is admirably suitinl for minor operations. It is tlie safest 
method available for most of these, for the amount of eoeaine injeeled 
ought not to he sufficient to induce |K)isonous sympUuus, and should 
never exceed 20 mg. (J gr.) and much of this escapes hy the incision. 
It requires some experience to induce C4>inplele insensibility 1«> pain by 
this method and the opertUion has to he interrnpU‘d at intervals to permit 
of further injeetioiis. Some headaehe and nausea are oeeasituial seqii<*la‘. 
When general aiuesthesla is contrriindieated, iiilillralion may he ad<»p(ed 
in major o|Krations, while on the other hand it is often <*ontraindicati*d 
in minor operations where (here is any possibility of c‘ompIi(Nitioiis, tir 
wh(*re the anxiety and nervousiu‘ss of the patii^nl an* likely to interfen* 
willi the proeetnlings. Siibaniehnoid or intraspimil 4'oeaiiii/.alii»n is 
still on trial, and while it lias been enthusiasli<rally praiseil by some of 
its sponsors, it has in general been r<*gar<le<l as a lia/ardoiis method. 
Sevenil fatalities are saal to have rouhtil fnuii i(, and lieat!a<*lu‘ ami 
nausea very (d'ten persist for many hours after tla* opi^ration. h seems 
probalde (hat it will in the iittnre aitrait los a(t(*ntion than A has 
reeeiitly, and will be reganled as a last resi»ri In* usimI wlion speeial 
eireums(aiie4*s (uintniimlieate (he general ami*s(hetu‘s and opoialion is 
imjHTative. 

Cocaine Habit. — Since the introdnetion of eoraine into general ihera- 
pcMiti(‘ us(}, mimerons east's t»f the ftirination tif a habit similar to that 
of <ipiiim (»r morphine, have been reeonled. Sum' »>f (hose have been 
dm* to the a(t(*m|»t to subslitnte cocaine for im»rphine in lla* tnafmeiit 
<»f <*hronie inor|)liinism, (lie treatment oft4*ii r(*snlting in tin* dfv«‘h»p- 
ment <»f an irresistible* craving for both alkaloidw. 'FIh* symptoms of 
eocainism generally iiegin with digestive <lisorders, loss of appetite, 
salivation ami emaciation, but tin? more imporlanl (‘hanges oeenr in tin* 
central nervous system, whi<*h apparenily nmlergoes degem ralion simi- 
lar to that seen in chronic morphine |M»isoning. Sleeplessness, in riiors 
ami oeeasirmally eonvnlsions, hallucinations, insanity and delirium have, 
been m>t<*d after long abuse, along with indefinite disturbances of sen- 
satifiii ami motion. The treatment of tliest* eases is the withdrawal of 
the drug, and this eaii geiierally ImmIoiu* without the prodiieiion <»f any 
s|K*(rial symptoms, (hough it is sometimes followi d by great depres>ion. 
This treatimnt is mneli faeilitated by sending the patient to a K|H*eial 
resort, and, in fact, is almost hopeless without his isolation. 

Acute Cocaine Poisoning is (reatinl purely symptomatieally. Amyl- 
nitrite has 1m*cii advised when the lil*M>d-prcssnre Merns iiiiieh elevated, 
while for tlie convulsive attacks small quantities of cldoroforin or ether 
may Im? iu»<*essary. Of course?, tin? stoinaeli ought to be eva<iuate<l 
first of all if the drug has l)cen taken by th<* mouth. 
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Substitutes for Cocaine. 

Borne artificial alkaloids have recently been introduced as local an- 
aBsthetics instead of aicaine. The best known of these is Eucaine 
which Ls much less poisonous than cocaine and differs 
from it in many points in its general action. In animals poisoned 
with large dos(i.s the central nervous system is first stimulated and then 
paralyzed ; the pulse is slowed from direct action on the cardiac mus- 
cle, and the blood-pressure fiills. The terminations of the motor nerves 
are paralyzed in frogs, but only after the central nervous system. As 
a local aniesthetie it is almost as effuaent as cocaine, and differs from it 
in not constricting the vessels or dilating the pupil. The intraocailar 
pressure is said to be lessened, but this is not yet satisfacjtorily deter- 
mined. A 1-2 percent, solution of the hydrochloratc is used in the 
eye, 2-5 j)(‘r (Huit. for other mucous surfaces and for subcutaneous in- 
jetstion. Eucaine may b<? employed in 1 p(‘r cent, solution instead of 
cocaine for infiltration aiiiesthesia, and is less poisonous and can be dis- 
jiife(ite<l by boiling. 

T\\q Orthoforms Jire still more recently introduced local aujestiietlcs, 
whuili fnay be incntioned hen', although they resemble (cocaine only in 
their action on the sensory bjrminatious. "J'hty are methylcsters of 
amidooxybenzoic iuad (Cy (COOClIj)), differing t)nly in 

the positions of the hydroxyl and atnido groups ; <(U(r,si/tesiny the 
ethylester of anu^lobenzoic acid, and many other similar esters have 
more or less local amesthetic power. S(?vcral other aromatics derivatives 
have long been known to have some numbing or aniesth(^ti(5 jiropertit's, 
l)ui have S(!ar<H‘ly Ihh'U use<l in therapeutics for this purpose. Even 
wirbolic acid has a distinct nninbiug efU'ct, and scuiie of the antipy- 
retics have l)i!<jn proposed for use in ophtiuilniology. Ortlioform is a 
white crystalline powd(*r which has iif» taste or snu'll and is only 
very slightly solnbh* in water. It is used as a dusting ])owder or in 
ointuunit (10 jkt cent.), and is applied to painful surfae(‘s, such as 
abrasions, ulcers or burns, either on the skin or on the visible mucous 
membranes (for instance, in laryngeal ulcenitiou). In nleer or <?aneer 
of the stomach, it has also becfi taken intt*rnally (0.1 (i. in p<»wdcr or 
tablets), and gives relief from the suffering. It is somewhat anti- 
septic and seems to be practically fh'void of poisonous projKMiics^ 
except that slight corrosion is sometiim's inducetl around the point of 
applieation. It luus little or no effect on the sensibility of tlu' unbroken 
skin, and its insolubility preclmles its use by subcutaneous inj(^*tion. 
The amesthv'^ia begins almost iis soon as that indnccil by ordinary 
cocaine solutions, l)nt lasts very mneh h)nger, Ix'cansc* orthofonn is 
dissolvcnl and removed fr)in the surface vciy^ slowly ; thus a single 
application of the powder causes amesthesia for many honiv, or even 
for some days. On the other hand, ortlM)form fails to jx'netnito the 
mucous membranes as c<x?aine df)es, and then'fore only amesthetizes 
when It conuvs into aetual c«>ntact with exposed nerve ends. 

* .Mv>lia-eiiciU«« (C„IT5.N04) was fonnerly usen], Uiit ituluees imlation at and 
ia now Holdom met widi. Kuoalne was mtixxluei'd as IWta-cuc'aine. 
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Another series of local nniesthetics has l>een intwxliuHHl by TrolUlenier 
under the name of Acoines. They aiv derivations of phenyljjanuiidin and 
are said to be much less poisonous than eca'aine and to indu<*e eoniplete an- 
aesthesia of the cornea aiul conjunctiva and also to l»e available for intiltration 
anaesthesia. Holoeaine, a derivative of phenacetiiie, has been reconuneiubul 
in ophthahnological opemtionS) but is more twismious than eucaiiu% and 
presents no equivalent advantages. 
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XIV. PILOCARPINE AND MUSCARINE. 

Pilocarpine ainl mn.<<*arinc, two alkaloids of very dittcrenl chemical 
constitution, po.ssc.<s similar pro|K;ilJe.s Jnoii a pJiarinacolojrieal |>ojn< 
of* view. Pihmrjjinr * is found alon^ with Jftffj/ltor/ir-’ 

pine in the Icavts of s(‘veral species of Piloturpiis. 

Mmrnrin(\ fht' alkaloid of one of* the poi.soiions Tiinshrooins,* Ajtari- 
ens inu,s<*ariu8, or Amanita muscaria, ii- very idoM-ly related chemically 
tt> choline, wliiidi i.^ a con.stitueiil of several animal tissues. Jt may 
probably 1 .m^ represcnU^il by the formula 

ni, NttHai/iH 

' The slmrtunl forrinda of pilocarpine ii* not yet <letiriit#dy fh*l<*nriiije<l. 
ha.s })i*i.*n }.«M>hitc<l fmm the li-^tvc^ of PiI»H%*iri»Uj< .lalMirandi t»nly and pmeijraHy 
inert. Jahoriue wsis fonncfly htau**! fo iK'cnr with and to an aetioii 

ri’T^jtihlini; that i>f atnqiine, hut tij«#ru n,*ctMit have iaileil tu (oidinn either 

of thf^? ^lateiiients. 

* .Miwariiie is accompanied in the Amanita hy uvoiUt-t p«ii<^»ii which difler^ from it 
in inrlucint; cnnviihions and ^»!her *iyin|mnnh of < enin»I ncrvftu?* Mirnii)ath>n ; the 
Rvrijptom** of nruariita are a mixture of thow^ eaijae*! hy ihi/rt- two poiaorw 

(llanim^n). 
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A substance almost identical with niuscsirine from the chemical stand- 
jx>int hiis been prej)ared by the oxidation of choline, but this synthetic 
muscarine differs in its action from the natural alkaloid in several 
resjKJcts. A number of other nearly n-latcd bodies (trimethylaramo- 
niiim bases) resemble musearine in some points of their action, but 
are not so poisonous, and fail to act on several of the organs affected 
by the base derival from the mushroom. 

Muscarine, pilocarpine and isopilocarpine resemble each other in 
action ; muscarine is much more poisonous than pilocarpine, which is 
again eight times as active as isopilocarpine. 

Piloc;arpine and muscarine stimulate the terminations of certain 
nerves supplying unstriated muscle (except that of the vessels), the 
heart and secr<!t(»ry ciiithclium. Their effects are therefore diametri- 
<rally opposed to (h(»s<? of atropine in the peripheral organs. 

Symptoms. — The symptoms of poisoning in man commence with a 
very marked se<n*(*tion of saliva, follo\v(Kl soon after by excessive jK?r- 
spiration and a flow of t<‘ars. Alter mnsc'arim; and sometimes after 
piiocarpiiK^, nausea, retc^hing and vomiting, pain in the abdomen and 
viohmt movement of the intestinescansing ])rofus(^ watery evaenations, 
are next observed, 'riie pulse is sometimes cpuckeiu'd, sometinu^s very 
slow ami irregular ; the pupil is (!ontra<rted, and the sight is acemiimo- 
daled for near objcM^ts. 'fhe respiration is often quick and dysj)na:*ie, 
and rales may be h(*ard ovt*r the brom*hi, tienoting an atTurnulation of 
mucus in them. (Jitldiiu'ss and confusion of ideas are ct>m|>lained of, 
and after pilotsarpiue tremors and feeble tionvulsivc movements are 
som(*tiiues observed, but the nt»rvous symptoms are not so conspicuous 
as those from tin* perij)heral organs. Eventually the respiration be- 
comes slower and great weakness in the movements manifests itself, 
but the ct>ns(uousn(*ss remains more or less periect till the breathing 
ceast's. 

Action. — The salivary and hudirymal Glands, the mneous glands of 
the mouth, throat, nose and detqH»r respiratory |)assages, the gastric 
secretory glands, the |»amuH'as, ami probably the intestinal glands, all 
seeret(* copiously after musearine ami pih>earpine. The sweat gland.s 
and the eoruininous glands of the ears are likewise roused to unwonted 
activity, and many other glamlular structur(*s are also stimulated.* 

In most oases the solids of the secretions are increased as well as 
the Huids, although to a sonu»what less extent. The bile, the urine 
and the milk do not seem to Iw affected directly by pilo(»arpine and 
musearine, although they may l»e redm*ed in amount or otherwise 
modified by the withdrawal of large cpinntities of ffuid fiom the body 
by other channels. 

After a small (juantity of atropine, pilo<^arpino and muscarine in 
ordinary quantities produce no increase in any of the secretions. This 
indicates that the seat of action of these poisons is not the secretory 
cells, for it has btvn shown that atropine par.dyzt^s only the terniiiui- 

* A iMirioiis rxaniple <if ttiis hns Uh*!! shown hv to ot'ciir in the tish, in which 

the swimiiuni* hlailder secretes more oxy^n than usual. 
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tions of the secretory nerves and loaves the tvlls nninjurod. On the 
other hand, section of the s<MTetorv nerves does not alter materially 
the action of pilocarpine or muscarine, fin* lh»» secivtion of pcTspim- 
tion in the foot of the eat is increasc‘il hy pilo(*arptne even after section 
of the fnaatic nerve. The scat of action of pilocarpine and muscarine 
is therefore the terminations of theseeretory nerves — the minute fibrils 
which ramify Ix'tween the epithelial cells and perhaps e\a»n enter them. 
These fibrils are stimulated by the ineinlH‘rs of this group and para- 
\yyx<\ by atropine, and these two series therefore form antiilotes to one 
another. 

The salivary secretion may amount to half a litr<' or more in I la* 
course of 2-3 hours after an injection of pilocarpiia*, while tia* skin 
and lungs (‘xercte even a larger <niantity of final in tin* same lime, 
TIa* weight is thus cHinsidcnihly nnliired by pilocarpine «»wiiig to I la* 
loss of tliiid, whieli may, aivording to s<nne authors, amount to 2-1 
kilogrammes ( l;l-?> lbs.) after a singh* dose. 

'flu* seeretiem of tia* milk is not iiiere;is<Ml by pilocarpiia*, but lla* 
percentage of sugar in it is st.at<*d to be Isirger than usual. The 
snpir of the blotul lias been fouial inercased by piloearpine, and this 
has been attributed to its aetiiig on the terniiiiatams i»f the nerv' s in 
tia* liver wlii<'h r<*gidate the gly<*ogenie fmictions id' that organ. 

The inereased activity of the glaials is aeenmpaiiied by an aeeelera- 
tion of tla^ blood current through th(»in, but this is a n^sult of their 
stimulation from any cause whatever, and is probaldy not tine to lla* 
tliivt^t atJtion of the alkaloitls cm the vessels, 'flie retliicss id‘ the skin, 
especially of (he face, sti often tibservetl aft<*r piloe:ir|»in<*, may perhaps 
be explained in this way, as an af*eompanim(>ut <d' lla* atigiiauitetl atv 
tivity of the sweat glarals. 

It was fiinnerly suji]i<)si‘d tliat piifKairpint* ni-ted on the sann* slrucliin s as 
iiieutiia* — the syiiipathetic ^raiiglia — hut this is disproved hy the sweat seen'- 
tioii of the lot)t after seelion of tin* s»-iatie, for no .-vmp.tlhetif* gaiigiia li;ive 
been fouinl in eonneetion with iheM* sweat gland*- exc*e|»l ih«»se in the ja lvis. 
.Vnother ipie.'>t]on whieh has hei-ii the suhjeet of prolonged ainl .somewhat 
hitter tlisi'iission is whether piloearpine and musearine <»jin aet al all aft<*.r 
atropine. It seems im»w to he admitted that while minute ipianfities nf 
the latter sloj* .'eeretion si-t up hy ordinary dose'* of piliM-arjiine and iiins- 
earine, yet eit tier of these in very large i|ii;tntitie.s will rein‘-late it. and this 
alternation of stiinulatioii and dejiression may he rej»eatei| a iiiimher of 
limes. 

After a ]iroIcmged stage of st iiniflatioii large ipiantilies of piloearpine or 
imisearim* eventually paralyze the nerve terminal ion", and the seerelioiiH are 
therefore diiniiiished or stopped entirely. Uni this never fieeins save in ex* 
]>eriint*nts on aniinal.s, for. as a general nile, the respiration is paralyzxrd by 
smaller quantities than are necessary to elicit this feattire. 

Muscle. — Nausea and discomfort in the yijmovhj fid lowed by retch- 
ing and vomiting, arc rarely srf^en after piloearpine, l»ut t«»riii sorin* of 
the earliest symptoms of mnscariiie poivuning. 1’hey are not pro<lnee<i 
by tile saliva swallowed, as wtis formerly snppos<*d, but by a stiniiila- 
tioii of tlm terminations of the pneiimogjistrie in the iiiiiseitlar e/mtHof 
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the Htomacli, similar to lliat of the terminations of the secretory nerves. 
This is, perhaps, incapable in itself of producing complete evacuation 
of the stomach, but may set up a reflex contraction of the muscles of 
the abdominal wall which accomplishes it. 

The mtf'Mineff are also set in unusually active movement by a similar 
process, and repeated evacuation of their contents follows. These 
are at first of firm consistency, but later, as the continued peristalsis 
carries down the contents of the small intestine, which have not lain 
long enough in the bowel to allow of the absorption of their fluid, the 
fieees contain more water than usual. This fluidity of the stools may 
also be due in part to an augmentation of the intestinal secretion, but 
this has not been satisfactorily demonstrated. Even after the bowel 
has been (iompletely eva<;uat<Ml, the jjersisteiit ])eristalsis betrays itself 
in painful straining. 

Th(‘ muscle of a nuiiiber of other organs eontracts after pilocarpine 
or muscarine, also, it is believed, from stimulation of the nerve ter- 
minations. i"hus the Kplrriiy hhnUhn'y hronrliiffl mmclc>Sy and possibly 
the ulc.niHy arc* (jontracted, and in the ease of the bladder repeated 
evacMiation and straining may occnir. Of much greater importance 
than these is the effect of pilocarpine ami musearimi on the eye. In 
])oisoning with these and also on local ap})lication, the becomes 

(extremely narrowed, ami at th<‘ same time tin? cUian/ wunde contracts 
HO that the lens is acc(»mmodate<l for short distances. Both of these 
phenomena arc due to stimulation of the terminations of the motor 
(Xiuli in tlie intraocular muscles (see Fig. p, 287); they are not 
e(jually ('asily eli«*it<Hl, however, for according to Krenehel, muscarine 
acts on the ('.iliary musc^h' much more readily than on the pujul, so that 
o(?casionally tlie sight may he accommodated for short distances while 
the pu|)il r(auain.s ISiirly wi<lt‘. The intraocular pressure is reduced by 
rnusearinc and pilocarpine, although they may increase it at first. 
'Phis has not been explained, but is often said to be assi»eiatcd with the 
changes in the pupil, myosis (contraction of the pupil) being generally 
athauled by a reduccnl tension. The stimulant action of pilocarpine on 
the tcjrminations of the motor oeuli terminates in depression and con- 
sequent slight widening of the pupil. 

AM these muscular }>henomena are jnvventcd by the previous ad- 
ministration of atropine. This antagonistic action has been carefully 
studied in the eye, where it is found that after pilocsirjnne has pro- 
duced contraction of the pupil, the administration of very small quan- 
tities of atropine is followcnl by dilatation. Strong pilocarpine solution 
again <lropped into the eye will again reduce the size of the pupil, but 
the quantity rcxpiiix'd is vastly more than in the normal eye, and this 
second contmctlon may again removed by comparatively small 
quantities of atropine. In the bird’s pupil, in which the muscle is 
striated, muscarine ami pilocarpine have no eflect, the terminations of 
the nerves being evidently difterent from those in mammals. 

The action of pilocarpine and mus(?tirine on the Circulation presents 
some difterciKH's in difterent speies of animals. On the applica- 
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tioa of either to tlie frog\s lu^iri, its rbytlun is at ontv slowinl, the 
diastolic pause being much incroasKl in length and the coiitnictioiKS 
lessoned in force. Shk)!! the heart erases to U'at entinJy, although 
irritation of its muscle bv incchanical or cheinic'al means eliciis i>iie or 
moixj contractions. A number of drugs wliieli stimulate the heart 
muscle, such as physostigmine or digitalin, induee >vcnk rhythmical 
contractions, but atropine in the minutest quantities restores the heart 
to its normal rhyllnn and strength. The >vmptoins produced are ex- 
actly those sw‘n on stimulation of the vagus by eleetiic‘al sluicks, ami 
muscarine has long been Udieved aet by siimiilation of the inhibi- 
tory meehanism in the heart. It is gxaierally Ntatt‘d that the site of 
its action is the ganglia mi the cH.iursc i»f the vagus, but this is incor- 
iwt, for inusearine aets mi the apc‘x of the frog's ventric le, in whieh 
no gjinglia whatever have been found. Muscnirim*, therefore, stimu- 
lates the terminations of the vagus fibres iu the* heart musedt*, ami 
thus prodmrs slowing and ewiitiially standstill. Atropine* remove's 
this standstill by paralyzing (he terminaticais, but larger cjuaiitilic's of 
muscarine or piloearpine will again ovc'rcoinc* the* atropine a<‘tioii and 
restc»re the* standstill or, at any rate*, the* slow pulse*, l>igitalin ami 
its allms remove* the* standstill by iiicTeasiiig the* irritability o^* the 
nuisele until the* inhibition exin no longer ludd the heart in <*he*<*k, but 
throughout the rliythni eauseil by tlievse the* activity *>f the* vagus can 
Ik? seen in the slowness of the beat and the proh»ngati<»n <»f the diastole. 
The vagus ends are evtmlually panily/.e*d by pih)earpine ami (In* li<*art 
resumes its normal rati*. Larger <piantiti<'>, liowe*v(*r, again slow it 
owing to dire<*t tie*iion on the* eairdiae* innsele. 

Ill rabbits and <‘ats similar eliaiiges are- se*en in the* eire*nlalion ane.*r 
miisearine. The he*art is slowed <ir bnaight to a cofnph*te* standstill, 
the blood jiressure' falls, ami all tin* symptoms pro<lnee<] by aiunmia 
of (lie brain may follow, but file animal b<‘<*ome‘s again pe‘rfeettly m*r- 
mal e»ii the aelministratieni of small epiaiifiti<*s <if‘ alr«»pine*, 'I'lie* fall in 
blood-pressiirer is ofie*n gre*af(*r fliaii is a<*e‘onnt<‘d for by (h«* slowing <»f 
the heart, and the jieripliend ve sseds are I'Xln iin ly eoiiLO'sb*d. Thin 
may po.ssil>ly be dne to the dilatatiejji of the* v«‘*'seds wliieb, as id'cady 
stated, acxroinpaiiies the inereasi'd a<‘livify of ih<* glaml.*-. J*il»rcarpiiie 
difl'ers from ninsearint? here? in serveTal juirticnlais, for it soon ih*press(».s 
the inhibitory filires ami the heart regains its former rhyfhiii, but the 
eanliac ninsede is then affected, so tliat the erenitraeiinns rapidly be- 
<?onic weaker and slower again, and this see-fpiielarv slowing is not re- 
moved by atn»pine ; the vaso-iiiofor centre alse» ber-oinf's gradnally 
weakcmKl by large doscs, so that the IiIimmI vessed- rennaiii Hiimiwiial 
<lilatf*d, and the arterial tension reiuaiiis low evc'ii aft<*r atro|»ine. 

In dogs, the stimulation of the inliilMtorv fibres see in** sometinies to 
Ik* entirely abstuii after pileicarpine and innsenn ine, and in man this is 
very freipienlly the ease, inste^adof a sl<»\v piilMMi ml lessened ten- 
sion in the? arterms, aecedcratnni and im?reami IdesKl-prcssure? are then 
obs<*rv(Hl. This is a«'eoiiipaiiie.*d in man by inark(*<l palpitatiem and 
discomfort in the region of t!ie heart ami by dilatation of the hkio 
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vosHcls, esjuicially of those of the face. In other cases, liowever, the 
same eireulat(»ry (li.stiir]>!ineos arc prodiiced as Jii tlie cat and rabbit. 
(Fig. 29.) No explanation of the acceleration of tlie heart has been 


Fia. 29. 



Triu:iMK« oHIn* inovoriHMil of tho aurlH«* fiippor) and vciilrn U‘ (lowor) i»f Iho dof; under muscarine. 
Oiiriiig ooiitnii’llun nio lovers itKive ii(MV:irds ; diiriitK rehixatimi linwiiwards. noriiuil. At it, 

iilitsfurine was iiijcoted iiitraiv«'ii<>iisiy and a! r*i( Itoi'aii !•> m-f. Tin* muvoinciits of the vciitrioles are 
Hlowor and a distitirt pause is semi in diastole. The ('ontradion is less i*oniplete, while the heart 
relaxes more than usual during diastole. 'I'he aiirtelesoon eoiiies to a staudst ill in diastole. t'oiii> 
jiaro tluu'ir(j(it..s of sliiiiulutloii of the vagii.s in the lir.st part of Kig 27, page 2K!t. 

oflcredjbut irowell ha.s Ibiind acceleratitai con.stantly produced by rnus- 
curiue in the eralfs h<‘art. 

In embryo heart.'^, mustairine, in ordinary tjnantities, produces no 
change whatever during the first loO hours of life (in the chick). The 
explanation of this phenomenon is that the inhiltitory nerve.s have not 
been developt'd at thi.s stage, and after their development is complete, 
muscarine acts <m the heart as in the adult. The absence of slowing 
in soim? of the invertebrates may be due to a similar cause, although 
this does not held giiod for the crab, in which there is a well-define<l 
inhibitory apparatu.s. 

The Respiratory e<‘ntre is not acttMl on ilirectly by small quantities 
of pilocarpine and mus(*arine. But the changes in the circulation 
h^ssen the amount of blood jmssing through the lungs, and the contrac- 
tion of the bronchial innsele may seritaisly retard the movement of 
the air and thus impair the aeration of the blood. This bronchial 
constriction may Ik* the (Explanation of the (ed(»ma of the lungs which is 
often observed in eats and rabbits jH>isoned with the members of this 
series, and which has also ocHHirri*<l in fatal jvoisoning in man. Ltirge 
quantities of pilocarpine cau.se a tendency to (?i>nvul.sive movements 
and a more rapid and labored res|>irali(m. Eventually tin? resjtiration 
beeoiiu's slow and weak and asphyxia follows. 

It has beim found that pihxxirpiue increases the Leucocytes of the 
bhuxl, and this is generally attributed t(» its aeting on the tissues 
whieh form leueoeytes, an explanation which is supiK>rt.eil by the 
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statement of Riizieka, that the Malpiurhiaii eorpuseles of the splecMi are 
increased in number after ])ilc»eai*piiie. 

The Temperature is said to be inereastHl by pilocarpine, altii<mp:h 
only to a very small extent* and the carbonic at‘id excretion is increastMl 
tlirou<!:h the drug iticreasing activity of the glands and other 
org-ans. Alter the perspiratitm is fully devilopinl the inlerntil tem- 
perature is giaiendly rediicoil, t^spccially in lever. 

Some symptoms oe<*iir in cases of pois»»niiig which pt»inl to some 
ac»tioii of the alkaloids on the Central Nervous System. 'I'hns iVogs 
develop well-marked (*onvulsions, ami even in the higher animals and 
man tremor and slight eonvtil>ive movements^ sneh as hi(*tH)ugh, have 
lateii observed. In the later stages miis<Mdar wt*akness is developed, 
and the slow respiratii)ii ami the fall in blot k 1 -pressure also imiieate a 
eentral action, which s<'ems be eonlincHl to the lower parts of the 
nervous system, htjwever, for eonseiimsm^ss remains little altered. 
Tin ‘se symptoms may be <MHnpru‘at<Ml by mnrketl tNinvnlsions wbieh 
appear to lie dm* to tin* aniemia of the brain and *lo nt»t tieiiote any 
<lireet action tin that organ. 

I*il(>car[iim* ami muscarim*, while resembling eat^h other in general, 
present some jioints td* tlilVertaiei*, which are oT the greatest impor.anet* 
as regards lh<‘ir us<* in tlnTapenlies. Mns<*arine has praetieally never 
been introtliieed into nietlit^at praetiee, beeanse. while Its aeli<m on the 
secretions is tpiite (‘(pud to that tif piltit^arpims the gastim* symptoms 
an* prtidnciMl mu<*h nmn* r<Milily by it. It is also a very mm*h more 
ptiwtTful ptiisoii than piloearjiine, and is mueli Ii*hs t*asily prepared in 
pure form, 

PitKCAItATKiNS. 

(Muscarine \< nt»l u>e<l in t]icra|M'Uties.) 

Pilocarpus (U. S, 1*.), Jaboraudi Folia (H. IV). tln^ tlrietl leaflets of Pilo- 
ear|iii.s .laborandi * (aiitl t»f JV Selltminis, tV S. IV). 

FluUhjtraf'fum (T. S. IV •. { 2 e.e. (S J{() luins. ). 

Lifjutihun (II. IV , .i lo inin>. 

Tim'turn .hrhorfiutli (IV IV, , I 1 ll tlr. 

Fii/ieAKCixj: 11 YPKot iii.tMiini'M H’. rV IV; tin* liytlro- 

chlttrale t>f an alkaloitl ebtainetl Iroin l‘i)o» arpU'*. ftnin*? fHiall. wliife tTVsIals, 
tMlr.rle.-rs willi a ^ligiil liittt r tJeji<nje-t ent in ilie. air, vi-ry in water 

uini alfolnil. U.niKI- I. i ^r.). 

IV LOCARCIN.E NrnjAs MV IV, R IV; *,11 tin* nitrate of 

an a]kalt>id obtained Irom .lainrrandi leav*-, t’urni.s a wliin* ei‘\>ta)liiie powtler, 
\vbit‘b is snliibie in parts of e«»M water, ami is fre« ly soluble in iiot al**tdntl. 
2 * 0 *“ 2 gr. 

The prcparatit.ins tif the crude dnigare but lillb* ijM*d, lliey vary great ly 
it) their activity ami ejuise innmea and v*»jnitii)g more n-adily tlnni the alka- 
b;i<lal salts. This is explained hy the fad Mint they are absorbed more 
slowly from the alimentary caiiab and therefore liave longer time to produce 
their cdiaracteristic ctUarts upon ii. 

Therapeutic Uses of Pilocarpine. — Its action on the ^wr-at glands 
rcjiiders pihxsarpinc much the most powerlul <liaphoretic in the phariiia- 

• Piloctnrpiw jalwirandi are ni»w t.xtn inely e and have Ixsm HUppbiiileiJ 

hy thewe of PibH‘«r|Mi- pinnaliforni’^ and iV iiderophyliiAS. 



318 OttOANTC toSUGS acting APTEH AliSORPTTON 

copoeia^ and it is used internally almost exclusively for this purpose. 
In various conditions in which excess of fluid accumulates in the body, 
pilocarpine may be exhibited to remove it. In dropsy, especially that 
due to renal dis(;a.sc, a few injections frequently reduce the fluid and 
remove the effects of tlie accumulation, although they do not, of course, 
affect the diseased tissues directly. By uiiburthening the blood and 
tissues of their excessive fluid, however, pilocarpine may improve the 
nutrition of the kidiu^y, and thereby promote its recovery. In dropsy 
due to heart discuse pilocarpine must be used with caution, owing to 
its exercising a d(fpr(‘ssant action on the circulation, perhaps on the 
heart itself. I u some other jiathologiwil exudations pilocarpine has also 
been advised, as in pleural, peric^jirdial and subretinal elTusion. It must 
be rerncmljer(id that after the diaphoresis jiroduced by pilocarpine there 
usually sets in a period of <lepression, weakness and languor, and this 
may be siifrudent to countc^racit the improvement obtained by the re- 
moval of tlui fluid. It is still a disputed ])oint whether pilocarpine 
poHsess(‘s any advantages as a diaphoretic over the other means of pro- 
ducing sweating, such as hot r»r eohl packs. Its advocates point to 
the fact that much less disturbamre of tin; patient is required, and that 
the Hubs(H|ncnt depression is not greater, while its opponents assert 
that the hot or <;ol<l |)ack produces less tl<‘pression and is not aeeompa- 
]n(‘d by the unpleasant salivation and oc^easional nausea of pilocarpine. 
Accumulations of ihii<l in the bo<ly may also b(‘ removed by way of 
the l)(»wel by the us<! of a hydragogiie cathartic or j>referably a saline 
purgative, or the kidn<*y may be .stimulated to special activity by the 
use of .such diuretics as theobromine and i*aHeine, The last method of 
tn^atnamt is that geiu'rally preferred as it induces less W(‘akness and 
depression subsiMpaaitly than either of the others. 

In unemla pil(»earpine sometimes proves of great benefit if exhibited 
early, and it has been suppose<l that this was due to the skin taking 
up the renal fimcti<ui vicariously and eliminating the poison. Some 
support ha.s been given this explanation by the iliseovery of traces of 
urea in the perspiration aller pihKnirpiue, but it is now recrognized that 
the urea is not the poisonous principle in unemia, and the beneficial 
effects are probably diu* rather to the removal of fluid and the relief 
of the overstraiinxl eirculatiou. It has also been suggested that pilo- 
carpine, acts directly oii the kiilney, and an increase in the urine is not 
iufre<juently seen after several injt*etions ; but this i.s to be ascribed 
rather to the changes in the circulation following the removal of the 
fluid than to any diivet action on the renal epithelium, for which there 
does not exist any satisfa<*tory ex|K*riineiital evidciu*t'. 

Piloearpine has been used in a number of fevers and in diphtheria 
and .syphilis, but no sufficient evidence of iinj)rovement in those ctm- 
ditions has b<H>n brought forwanl. 

In ophthalmic surgery pilwarpiue has been employed ns a substi- 
tute for physostigmine, to ct>n tract the pupil and retiiicethe intraoenlar 
pn'ssnre. For this piiriHW a very dilute solution of the sjdts (2 jier 
cent.) may be used, or lainelhe of gelatin may Ih‘ prcscril>ed, eaeli con- 
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taining mg. gr.), to U* lai<l on the tHnijunetiva. iFlio iH>ntrnelion 
of tlie pupil genemliv attains its maxiinmii in about J-1 hour, ami 
passes off in 3—5 hours ; it is geuenilly less complete ami of shorter 
duration than that seen after physostigmine. Piloearpiiie tirst in- 
crciises ami then lowers the intraocular tension. 

Ill various diseases of tlie ear, pilocarpine has Ikhui used with goml 
effwts ill some cases, but it is quite unknown how it acts hei\‘. 'rh<‘ 
conditions in which it is of service are various ibriiis of labyrinthine 
disease, and some forms of ellnsion into the tympanic cavity. * 

Pil<Karpine was at one time rccommemlcil ns an eeholie * and S(‘vcral 
«is4^s of abortion have been ascribed to its ns<*. Further 4 ‘\pcriem*.e 
has IchI t4> the coiicliisicm, however, that if it p<isscsses any *u*tioii 
whatsoever on the pregnant uterus it only iloes si> wlnai adiiiinisfcnul 
in quantities which produce iimlcsirablc seooiularv symptoms. 

Pilocarpine is frequently pn^scrilxul in l4>titHis tor the hair, and a 
renewed growth of the hair has been freqm'iitly seen in alopeeia tivatinl 
hi this way. This has been expiained by its aetimi t>ii the glands of 
the skin, increasing the moisture of the s(*aipand iin|»roving its eir<Mi- 
iation and uutritioii, hut 'Fappeima' found that the liM*al application 
of pilocarpine to the skin jn*odiiced no iiiereuse in tin' Mrretioii of the 
glands. 

Ill <ases of atropine poisoning, largt? doses of pihicarpine have Ih'cii 
ordered with allege<I good n*snlts. In animal experiimaits, however, 
the tjiiantily of pilocarpine n(*c(‘ssarv to antagonize even small dost-s t)f 
atropine has been tbiiml to In* S4» large that there is little reason to 
hope for improvianeiit from its administration in poisoning in rnan» 
i?s|Kf(*iaUy as the action of atropine on the central ma vons syslian is 
not antagonized by piloe.ar|>ine. In poisoning fr(»m )»ii(K>arpiiie or 
muscarine small <piantities of atropine are the antidote reeoiiimended 
alike by pharniacologkjiil ex|H'riiiieiit and liy <'linical (‘xpcrienci*. 

Muscarine Intoxication. — In .Siberia the Ag.iriciis muscariiis is usc<l 
to form an intoxicating beverage. The symptoms pnH!m*<r<J arc hilarity 
and jollity, and the victims declare tlaanselves tf» be more capabh* 
of fatiguing exertkms than they would l)c» wifliout the preparation. 
Kventually giddiness and soinnolen<*<* are prodiifv»<l, and aflcT large 
qiiantitiirs vomiting and convulsive attack- may follow and eventually 
prove fatal. The exhilarating effi»ct.s are probably dm* to the presenec 
4if a |H)isoii distxiverei! by Harmsen and not Ut tin* iinisearinc. 1 liis 
new |Xiison st'enis to play a n’de at as important as tliai iiiiih- 

<^rine ill crises of ainaniUi |iojsonirig; it is not ai}tagoiii/4^d by ativn 
pine, and its ebcmiml nature is unknown. 

* .All eetnilii' is a *lriig used to evacuate; the ♦■onletit** oi tJu* ulcnjfi. 
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, XV. PHYSOSTIOMINE. 

Bliysostijrniino or Est'rine in tlio chiof alkaloid of the Calabar bean, 
or Onleiil bean (Physo.stigfma venenosiiin), which grows in \Ve.stern 
Afritja and wji.s employed there by the nalive.s in tlie trials by ordeal 
for witchcraft. Either phy.sostiginiiie it.stdf, or a nearly allied alkaloid, 
oce.nr.s also in the Kali or Cali nuts, the seed.s of Miicuna urens. The 
constitution of pliysosliginine unknown. Two 

oilier alkaloids have been found in the extract of the Calabar bean and 
arc probably products of tin* .decoin |)ositiou of physostigmine, which Is 
a very unstable body. Tlunse are f W/fiZ/o/T/tr, which resembles strych- 
nine in its.effects, and /LsovV/Zac, which acts in the same way as physo- 
stiginine, but is much less poi.‘<onous. 

Physostigmine produces a number of syrnptom.s re.sembling those of 
nutsearine and piIoear[)ine poisoning, and many authors descM’ibe all 
three together, but it departs in certain points from the type of these 
two drug.s, and according to one thwny acts uiM)n a different set of 
tissues. 

Symptoms. — The symptoms of poi.soning vary but little in different 
animals ; in the dog and rabbit the first results of a large dose of 
physostigmine are weakness in the voluntary movements and a curious 
tremor and mu.seu1ar twitching, beginning in the hiiul legs, but soon 
extending over the whole iKnly. Tlie animal falls on one side and can 
not raise itself again, although it makes efforts to do so when touched. 

'The literature uf imiscariiie aiuf piliKai^niie issomixed with that of atropine, nico- 
tine and physostijirniiiie, that a eoinplete list would involve miuicroui; re{>etitiuii.s. 1 
innst, theri'fon*, refer those inleresteti to the hi blio^'raphy given under those groups, 
and shall nientJon here only the (nipcra which deal very* largely with uiuscarin# and 
pilocarpine. * ' * 
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The suHva and tears are increased, the bowel is ovaenaU*d and 

in the dog vomiting is common. The respinition is at first nipid 
and cleep^ and later slow and dyspnanc, the lu‘ari is weak and slow, 
aiul the pupil is contracted to a small |K»int. These symptoms Inn'orne 
more marked as more of the poison ivaches the bloocl, (tntil the respira- 
tioti eeases. In e^its these sym]>tomsofdepn^s.sion and pamlysisaiv jnv- 
ceded by a stage of increasetl rnovetiieiit aiul evident anxii^ly, but the 
later symptoms resemble tb<»se in tlie <log. I n man physcistigmine elieits 
pra<*tieally the same results as in the ih)g, vomiting atid pain in the 
stoinaeh regiim, dyspinva, giddiness and muscular wt^akness, contnu;- 
tion of the pupil, salivation and jan^spi ration. *riie heart is slow, 
innseular twitching may b(‘ prescait and complete eollaps<‘ follows. In 
frogs the volunlary movements disiippear soon afUT the injta^lion of 
phvsostigmine, the respiration erases, and last of all lht‘ refb^xes are 
- •* -^v/ed 

Action. — .Many of these symptoms evidently arise from (h^pressioit 
of the Central Nervous System, and tiie cause of dt^ath is the failure of 
the respiration frinn paralysis of the mediillarv (*('ntri\ .Snne doubt 
exists as to what parts of tlie inawoiis system first nmlergt» tlepr4\ssi4)n. 
Thus aeeording to Maniack and Witktovsky, the higher eenlies are 
weakened earlier than tlu* lower ones, Imt in iiian at any rate, tiu* 
rmsciotisness nanains iinimpainMl after grave derangeiiieiii of the 
r«‘spiration has manifested itself and after (he imiseular |M»wer is er»n- 
siderably depresse<l. This would indieati^ that some «)f the higher 
<*erebr;il areas pn^serve their fnneiioiis aftta* otliers have Imh*!! weakened, 
aial several antlairs have then’fbn^ maintained that (lie depn'ssion 
eommeiiees in the I’ord and medulla oblongata, atal only spreails to the 
cereliriiiii after large doses. 

Another unset tjeil (|ii<*stioii is whether (hi‘ st.ag** of <lepres.vii(H) is prceedcfl 
hy one of direct stiiiiiilaliiUi of the iutvoii^ I'entre^. Some syinphiins tiii> 
doiihiedly |i»»int to an iinTease in their irnlal»ili!y : for cxniiiph* f Ih' im reaseil 
ivspirutory niovcnuMils, ami to s<itneexUaii theehangi-^ in tin* hhiod-pn'Ksurc 
can scjirecly he cxpIaimMl save hy stiimihition, direct »»r iiidirt'ct. 

KuM)u*r cviilcin e of the stimuhtiil action of |diYso^ti^iniiM* on the eeiitral 
nervous system lias been otVered l»y its etiecis in ejiilepties, in whom the 
ijiimher ami intensity of the seiziinrs jire im'rca'^ed f>y if"*: Um«\ (hiinea-' 
pigs reudfU’cd <*pile|itie hy o[»f.*rative ]»roeediire* jim* also said to tie mon* 
fre^jinuilly :itt:iekf*<l whihi pliysosf iguiim* is <‘xhit)ilcd, and even in the flog 
epiieplifoini convul'iions oeeitr oeeasioimlly. whih* in the ejil a «tuge of 
excitement is a regular pri'eursor of tlie depre?^sioii. 'J'lie^* syinidoms have^ 
hecn ex|d:tiiie4i hy H4iim- writers as du4* to stimulafi<m of (he cfuilral m*rv4»MH 
system, lint, on the other hantl, inuy he due to the periplieml eti'cets of the. 
poison, sm*h as the con.*slrieti<»n of ihe air passagi-s (>y contnu'liiui of (he 
hroiiehiiil rniiscles. The ipiestion as to whellnu' any g**neral stiiiiulaltoii of 
the 4*c*ntr.d nervous system occurs in physostigmine pfusoning must hi* led 
opeii for tlie jiresent. 

The miiseiilar twitching Hwni.s to Ik? entirely irjde|K?ndent of the 
central nervous system, for it is not preventiKl by 4livision of the moUir 
nerves. Thii? symptom is not inarke*! in frogs, but inriv lie so d{?vcl-' 
ojkhI in mummuis as to sinmiab? (!oiieulsioiis, aiul is dm? to slininlatiori 
21 
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of the nerve terminations in the muscles, for it is prevented by curara, 
which paralyzes these. The antagonism between these two alkaloids is 
mutual, for the paralysis of the motor nerves induced by curara may 
be removed by physostigraine applied in somewhat large doses, and 
animals may thus be recovered from quantities of curara which would 
otherwise prove fatal. 

The Respiration is at hrst somewhat accelenited and tlien becomes 
slow and weak. The preliminary acceleration was explained by 
Bezold and Gotz as due to stimulation of the sensory terminations in 
the lungs, while others regard it as evidence of central stimulation. 
The subs(f(juent weakness and slowne.ss of the breathing is undoubtedly 
of central origin, and death follows from the failure of the respiratory 
centre. 

The changes in the Oirculation require further investigation. 
Small doses slow the pulse and increase the blood-pressure, while 
larger are followed by greater slowing of the heart and a fall in 
the blood-i)ressure. The slowness of the j)ulse is due to the poison 
acting on the heart directly and not to any inhibitory interference, for 
it occui's after large <piantitles of atropine. The action of ])hysostig- 
mine on the inhibitory nerves has never been satisfactorily decided, for 
aoxiording to sonui authors they are uiialtected, while oth(*rs assert that 
their irritability is increased, and Arnstein and Sutschinsky even state 
that the paralyzing cffee.ts of atropine may l)e removed by it. The con- 
tractions of the mammalian heart arc sometimes said to be strengthened 
by physostigmine, but this is erroiK'ous ; the increased amplitude of 
the movements mentioned by Iledbom may be due to the slow 
rhythm. 

The increased blood-pressure has also been the subject of some dis- 
cussion. It seems independent, in part at leiust, of the vaso-inotor 
centre, for it is not previuited by section of the spinal cord or of the 
Hplanchnic nerves, o|KU’ations which prevent impulses from the centre 
reaching the vessels. It may Ik? partly due to the powerful contrac- 
tion of the intestines expelling the o1o(kI from the mesenteric area, or 
to direct action on the inuseular coats of the arterioles causing con- 
traction and thus narrowing their calibre, or perhaps to both of these, 
along with some iiujrease in the activity of the vaso-motor centre. 

The frog’s heart beats more slowly after physostigmine, but here 
the individual coiitmctioiis are said to be strengthened and prolonged, 
and there is definite evideiu'c of stimulation of the heart muscle, which 
is not seen in mammals. If the vagus be stimulated in the frog after 
physostigmine, it produces slowing but no complete standstill of the 
heart, because the irritability of the muscle is so much augmented that 
the inhibitory uppamtus can no longer entirely control it. It has been 
supposed that physostigmine depressijs the endings of the inhibitory 
nerves, but this has betm shown to l>e incorrect. If such a poison as 
muscarine pn)duces complete standstill, physostigmine rt^novi's it, not 
by inducing depression of the inhibitory apparatus, but by iiicreasing 
the irritability of the muscle. 
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The following experiment-, whieh Is mainly a rt?jH»tllion of one devised by 
Harimck, may serve to show the relationship between tbe ettVcta of a whole 
series of poisons, which genemliy present some diHieulties to the student. 
A fVog, with brain and spinal cord destroyed, is streteluHl on a boar<l, aiul 
its heart is exposed by the removal of a triangular piece of skin and division 
of the sternum. The poisons are then applied in succession by iixjectiug 
them into the lymph stic, and the vagus may be exposed and plaeeil on eliHv 
trodes. 

The iiyection of nicotine? causes slowing of t lie heart- (Fig. 80, A"), followinl by 
a return to the normal rhythm, after whicdi vagus stinmlatiou has m> eflWit, 
while stimulation of the .sinus still slows the heart. (Nh^otim* first stimu- 
lates and then paralyzes the ganglia on the eourse of the inhibitory fibres.) 
^f^mHtrine now brings the heart to a standstill (Fig. 80, 3f), through stiuiu- 
latiou of the terminations of the inhibitory fibms in tin* muscle, /ViyiMwffg- 
minA restores the heart to feeble rhyihmie contnudiotis (Fig. 80, /*), through 
.stimulation of thijs musirular fibres, which leads hi a partial loss of cnnitrol 
by the inhibitory apparatus. Cop|H»r salts or other muscular dcpressaiita 
cause a return of the standstill (Fig. 8v>, (’), through ncutralixiiigthc stimu- 
lant action of physostigmine, and thus allowing the stimulated iuhibif4iry 
endings to regain control. Atropine finally induces an almost completo 
return to the noriiial rhythm (Fig. 80, .4) by paraly/ing the terminalitnis of 
the inhibitory nerves and thus removing the eflW»t.s of the imiM(*iirine, 

Here there is distinct evidence of %n iiierease in the irritahility t»f the car- 
diac muscle of the frog after p!iys<Kstigmine, and this is ilitlietiU to reemcilo 
with the slow pulsation geneinliy .•<een when physosiiginine is given atone. 
In the mammalian heart no su(‘h evidcitee of an increase in the iniis(*tilar 
irritahility Inm been adduced, and the vagus arrests it as easily as before the 
tMlininiairation of the ]sjison ; acx'ording to some invt^sligators even more 
easily. 

Fm. 30. 
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T»clDg of the inorenif'fllA of the frog's renlrfele. Ituring Ihf* Jerer niNkrt^ an iifi^troke. 

Z. Normal, ,V After nivoUue M. After nuiHcarlue, /*. After |»hjri»oHl{gttiUo:. f‘. After a 
aall. J. AfU>r ain*pine. test.) 

Physostigmine piYKluwfs powerful oontmetionH of tin* Stomach and 
latesti&o exactly resembliiig those elicitiftl by musmrine and pilo- 
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carpinci. It differs from these, however, in causing these move- 
ments after small quantities of atropine, while larger doses of atropine 
again stop the contractions set up by physostigmine. 

The Secretions are also increased by physostigmine as by pilocarpine 
and muscarine, and here again small quantities of atropine do not 
prevent the action, while larger quantities arrest it. Thus, the saliva, 
the tears, the perspiration, the mucous secretions and the pancreatic 
juice are all augmented by ])hy8ostigniinc. 

Besides the intestine and stomach, a number of other muscular 
organs are thrown into contraction by physostigmine — ureter, bladder, 
uterus and bronchial muscle. The Intraocular Muscles also undergo 
contraction, and their movements under jdiysostigmine have been the 
subject of a large number of investigations and of a good deal of con- 
troversy. Tlie ])upil contracts wlien physostigmine is employed either 
locally or inUjrnally, and tins contraction may be lessened by the sub- 
seejuent application of atropine, but is not altogether removed except 
by large <piantities. On tlie other hand, the dilatation of the pupil 
prodiK^ed by small quantities of atropine may be diminished by physos- 
tigmine, but tli(^ resulting contraction is much less than that caused 
by physostigmine applied to the normal eye. The ciliary muscle is 
act(Ml on in the sjune way as the pupil, so that the eye becomes actiom- 
modated for near distam^e, and atropine induces the same modifica- 
tions. The effects of* physostigmine, then, on the intestine, secretory 
organs, pupil and ciliary muscle are strictly analogous, and are gen- 
erally attributed to the alkaloid stimulating the terminations of the 
nerves in these organs.' It therefore reseml)les pilocarpine and mus- 
carine but its antagonism to atropine is much more coini>lete, and a 
nmewal of the secu'ction or c?ontraction after atropine can be elicited 
much more easily by physostigmine than by muscarine or pilocarpine. 
The intraocular pressure is considerably rcducc^d by the application of 
physostigmine to the ey(‘ and this luts generally been attributed to the 
contraction of the pujiil facilitating the escape of the fluid l)y allowing 
it fre(jr actress to the spaces of Fontana. But the latest writer on the 
subject, Grbnholin, states that it is due to a contraction of the intra- 
ocular vessels, which h'sseiis the secretion. 

Physostigmine is Excreted in the urine mainly, appearing in it a finv 
minutes after its injection. It has also been found in the s:diva and bile. 

The symptoms of jioisoning with Calabar bean are identical with 
th(»se caused by physostigmine, except when an old preparation con- 
taining calabarine is used, when some stimulation of the spinal cord 
may be inducal. 

Preparations. 

Physostigma (IT. S. TX Physostigmatls Semina (B. P.), Calabar or Or- 
<leal bean, the seeds of Physostigma veneiu>suin. 

FAiractum I^tyHoatitfinatis (U. S. P,, B. P.), 0.015-0.06 G. (J-l gr.). 

‘Another theory formulntod hv Ilamaek h !hat, while atmpine arts r.n the terinina- 
tioiw of the nerves in these organs, physosligniiiie aets upon the cirgiuis theiii.selve»— 
on the secretory cells of the ghiiuts tuui on tlie niiisi'ie fibres of the intestine, pupil, etc. 
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Tinctitra PhtfttQSligmaUs (U. S. P.), 1-3 o.o. (l.V'IT) mins,). 

Phy^^ostiomix.k Salicvlas, sjili«*yhiH‘ \ V, S. I*.), (1. j?r.), 

Puvs>t>sTu;MiN-E osiTiiie sulphate (P. S. P., H, }\), IKIHU'-O.IKW 

a(»w.gr.). 

Lameliie P/igsosfignuntt {H. P.), eac*h ovmtainin^ i j;r. of physnsugmino 
sulphato. 

The; sulphate aiul of physostigniiiu* arc folorloss or fainily y«*l~ 

low crystals, without o<ior, hut jio.vst\ssiiig a hit tor tast e. The siilpliale is 
(le liquescent in the air and is very sikliihle in both aleohoi and water. The 
salicylate i.s ii(*l deliinieseeiit, has usually a slight aeiil reaction, and is mjIu- 
hie in 150 parts of cold, or 30 parts of hoiling water. Moth .'-ialts undergo 
deeompositiou when kept in solution and tlieii assume a reddishdtrown 
color; the mldition of horic or sulphurous acid to the stOiition is said to 
retaril this decouiposili«)n. Pnqiarations of the crude drug also lose their 
aelivily when kept for some time, hut these are very seldom pr«‘s«*rilH*d, 

Therapeutic Uses. — Pltysustiginine lias Uetai iisnl il>r its ile[)iv.ssant 
aotiuii on tlie central nervous system in <*ases id* alniormal exeitalnlily 
of the eerebnil cortex. In epilepsy and (dion*:! it has ivciMVed a fairlv 
iXtensive trial, but luis provcil id* little or no M*rvii‘e in most i'asis, 
and Is positividy deleteriiuis in .sonn*. Hie n sidts in (In* trealin< nt witli 
it of Ollier dis(*ases of t lie central nervous syst<‘in, sindi as li^taiins, liavi* 
been no more favorable, so that it has falh‘n iiitii ilisiisi*. 

Ill recent years physosiigmine has Ihmii given in pilb iH‘ hypo* 
dermii'ally in <‘asi‘s of atony the inti'll iiie h*ading‘ !<» lyrii- 
jKinilis and nieteorism. Hut it is ehudly nsi^l r«»r its action on the 
intrai>enlar mnsides and naision. For this piir|»i»si‘ a sidniiini id* ^-1 
per cent, is droppi'd in tin* c^ye, I dmps at a time, or small tlisi’s of 
gelatin impri’gnnted with tin* alkahml may b<* ajiplit'i! tt> the i^onjinic** 
iiva(H, 1 \). The pupil In-gins h* i*imtra<‘t in 5- 15 minutes, and at- 
tains its smalh*st .-^i/i* in half an Inair. It remains (‘ontraet<*d 12-11 
hiMirs, ainl ai*ei»rding in .smiK! i)bservi*r.s a ililleriun'*’ in tin* si/i* of tin* 
tWi) pu|iils may be ma<Ie iuil fi»r s(‘V('ral days, 'rin* idliarv ninM*!*' 
contracts along with tin* iris, and the eye beeomes aecointiMHlateMl 
f<»r short <listane(*s. This action on tin* aee-om modal ion off in 

2 - I hours, Init the sight is edieii reiiden'd indistinet for some hours 
Uinger by alternate eemtraetioii ainl ndaxafion of the <*iliarv intisrde. 
The action ed* pliysostigmine on the e-yc* elitfer* I'rom ihut of museariiie 
for the forim'r acts more «m the pupil, the latte r em tin- ciliary mijseh*, 
aiiel the pu|)il is oft<*ii e*ontraetee| by phyM»stigmiin‘ while tin* aeeremi- 
inoeiatiem is praedieally nn<*liange*«l. The intraocular pressure is sonn*- 
what inerwised at first ami subse ipieiitly sinks. Itr ae*tiem in narre»w- 
ing the pupil after atropine has be'cn maele iiseed* t<» n-move iIm* elilation 
pr<Klue 4 *d Ml fn*e|ueiitly in eiphthalmie surgery, but ^»me in*wer tro|M*iiies, 
which proelue-e a shorteT mydriasis than atreipiiie, have* alnnist e|riv<*n 
it from this fiehl. It antag<»iii/A*H tin* elilatation nf the fnipil afte^r 
heunatropinc ainl eeKaific riiin*li more sin-e'es^ofiilly than tluit due to 
atropine. It has uImi Imh*!! iisrsl in eas 4 -*s <d’ syinrrhia fattae*ljnM*fit of 
the irks to tin* alleriiate'ly with atnipiin*. 'fhe alternate eontrac- 
tion and dilatatiem of the piijiil woidel, it was liopi-fl, br<*ak denvii the 
attachment, but the eonditioii is now generally treateel by ojk ratiein. 
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Physostigminc is now chiefly employed to reduce the intraocular 
pressure in glaucoma. 

Physostigmine Poisoning has occurred only from eating the bean as 
yet, and is to be treated by the usual methods of evacuation of the 
stomach and other general measures. It 1ms been found by Fraser 
that atropine acts as an antidote to physostigmine in animals, and it 
might be tried in cases of poisoning. The full dose of atropine is 
required. 
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R68um6. — A mimbcM* of the groups of alkaloids discussed up to this 
point act on the sunu* periphei'ul organ.s aiul generally present some diffi- 
culty to tlio student, so that a lew general remarks regarding them may 
be of service. Thes(} drugs acts at two distiiu^t points — the peripheral 
ganglia and the terminations ol the nerves in the muscular or glandu- 
lar tissues. Nicotine, curarai and coniine affect the ganglia (Fig. 31, 
jV); muscarine, piI(Kuirpine, physostigmine and atropine the termina- 
tions in the organs (:!/, Fig. 31). Curara, coniine and atropine aixs 
purely depre.ssant in their peripheral action ; nicotine is first stimulant 
and subsequently <lepres,sant, while muscarine, pilocarpine and physos- 
tigminc i\w practically purely stimulant. The action on the ganglia is 
<|uitc independent of that on the nerve ends, and either may be .stimu- 
lated or depressed after the others have been j)aralyml. If, however, 
the nerve end#be paralyzed (Fig. 31,2) as by atropine, changes in the 
ganglia will have no apparent effect, a.s tlie impulses arising from their 
stimulation are blocked in the nerve ends, ami, on the other hand, their 
paralysis dcK»s not cause any further retardation of centrifugal im- 
pulses which art' (completely blockinl already. After paralysis of the 
ganglia (Fig. 31, 3) the .stimulation of tin* nerve ends is followed by 
(he usual symptoms, bmuiso the impulses psuss from the nerve ends to 
the epithelium directly without the intervention of the ganglia. Thus 
muscarine, pilocarpine and physostigmine act after the paralysis of the 
ganglia by nicotine or coniine. If the ganglia he paralyzed first, the 
iniralysis of the nerve ends by atropine is followed by no change unless 
the latter have been in a state of activity. While it is universally 
acknowledged that atropine arrests the action of muscarine and pilo- 
carpine by paralyzing the |>oints at which these unfold their action, 




the subsequent stimulation of the terminations by further 

administrations of nuiscarine or pilociirptne is by no means so gmicrally 
believed. The statement that a pamly/cvil orj^n eaniiot Ik* further 
stimulated seems to have assumed alnu»st the authority t»f a theologieail 
di)gma, although numerous ]K>iiUs not only in the jH'npheral aetion «)f 
these drugs, but also in that of others on the i^enlral nervous system 
caimot be easily explained ex- 
cept on the op|)osite assumption. ni. 


Some of the diffioullies eoniVont- 
ing the advocates of this tluH)rv 
have been already mentioned, 
and others will U* met with in 
the course of this work. If it he 
granted tliat a paralyzed tissue 
may he restored l)y the aetion of 
stimulant drugs, the action of the 
foregoing alkaliaeis is iimch sim- 
pliiied. Thus atropine paralyzes 
the nerve terminations, Imt these 
may he i*t?stored to activity by 
very large quantitii s of inus(;arine 
or pilocarpine, unless the quan- 
tity of atropine given has been 
too large. The quantity <if 
pliysostigmijje required to re- 
store them is much small<*r than 
that of pihx'arpine, and its ap» 
plication is therefore much more 
successful in reinstating the <‘on- 
dition of at'tive stimulation. 
These diflerences between pilo- 
carpine and pliysostigmim* may 
IM.^rhaps he t'xplained on the 
analogy of the eheniic^al the*»ry 
of ma.Hs action; the “affinity^' 
of atropine for tla^ nerve eialiiigs 
is tlnMi grcati'i* than that of any 
of the otla r alkaloids imd<T dis- 
cussion, that of pliysosligirifiie 
next, and that of ]>iloearpitie 
and iiniscarine i^*asf. The 
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nieiitioncd are therefore ex|K'lled from their rviriihi nation with the 
protophtsm by very small quantities of atropine, and have to Im* given 
in very large quantities to nanov#* the atropine from its cotiifnnation. 
On the other hami, tfie attniction of physostigmiiic for the nerve tfuds 
s<*cms much gix'iiter ; larger quantities of atropine are reqtiiri*d to dis- 
plaw it, and smaller quantitic*8 of physostigmiiie restore the activity 
i»f the nerve ends. 
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XVI. ACONITINE. 

This scries embraces a number of alkaloids, which resemble each 
other so closely in their chemical and pharmacological properties as to 
allow of their being treated together. Some of them which were 
formerly believed to be perfectly distinct, are now said to be identical, 
and it is not improbable that future investigation wdll still further 
reduce the numbers of the group. 

These alkaloids are found in a number of species of the Aconitum 
genus, the best known of which are Aconitum Kapellus containing 
Aconitine (^3;,! or C^^lI^-NOj/), Aconitum ferox, Pseudacojiitine 
and Aconitum •Japonicum, JapaconUinc 

When aqueous solutions of these alkaloids are heated, they are 
broken up into one or more acids and simpler bases, so that they may 
be chissed with those of the atropine and coc^aine series, which are 
similarly dec-omposed. Aconitine forms acetic acid and Bcnzaconinc 
(or picroaconitiiKi), which may again be broken down into benzoic acjid 
and Aconinc^ so that aconitine is acetyl-benzoyl-aconine. Rseudaconi- 
tine forms Psmdaconivcy and Japaconitine Japaconinc in the same way. 
These decomposition ])roducts are found in the |>lant and in the ordi- 
nary preparations, and in many of the commercial ‘‘aconitines'^ 
benzaconiiH? and amnine occur in varying proportions, so that their 
toxicity varies very considerably. 

Another alkaloid which restmibles aconitine closely in its ])harma- 
(•ological action, but whicth is less known, is Delphinine. It is found 
in stavesacre (Dephinium Stajdiissigria), along with a number of other 
bases, which may be the produc^ts of its decomposition. 

The symptoms caused by ae<mitine, pseudaconitine, japaconitine, and 
delphinine are V(»ry similar, ditfering mainly in degree and notin kind. 
I’seudaconitine is more poisonous than japaconitine which in turn is 
slightly more active than aconitine. Delphinine is much less j>oi- 
sonous. 

Symptoms. — After very large quantities of ac(»nitine death may rc‘- 
sidt instantaneously, apparently from simultaneous failure of the heart 
and e(‘ntral n<*rvous system. 

If smaller (piantities be swallowed there is noted, after the ordinary 
bitter taste of the alkaloid, a feeling of warmth in the mouth and 
throat, which, agrct'able at first, soon becomes prickling aiul tingling, 
and extends to the stomach atid eventually to the skin. This is ac- 
companied by a profusi* fiow of saliva, and often by vomiting. The 
pulse is very slow, and may be irregular, and later lK*com<*s weak and 
imperceptible, when symptoms of collapse appear. The respiration 
18 slow and labored, and great muscular weakness is eom])lained of. 
Alter a time the smarting and tingling of the skin are no longer felt, 
and on examination the cutaneous sensibility is found to be much re- 
duced. The intelligeiuH; remains unimpaired to the last in many cases, 
although luiainseiuiisuess sonietinies otxnirs, and death is generally, 
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but not invariably, proceded by coiivulsioiH^ Tlio pupil is iiiiaftWtiH) 
except when convulsions supervene, when it is <Iilated. The |)rielvlin^ 
of the throat and skin is the most ehanuieristie symptom, and is 
practically diagnostic in eases id* poisoning, no other drug excepting 
veratriiie having this eilcct. Death is due to paralysis of the ri^spira- 
tore centre from the <lireet action of tlu* poison, altliough this may be 
aidcil by amemia f»f the medulla from the imperfect eirciilalion. 

In small doses aeoniline induces slowing of ttic lu*ari and slight 
muscular weakness, which is often aecompaniid by tingling of the 
lips, toiigui* and throat. 

Action. — 'Phe prickling, tingling sensation is <lue to an aiVection of 
the Terminal Organs of the Sensory Nerves, is shown by its appearittg 
lirst at the point of appliciifion of the 4lrng. Tims, when aconitine is 
swallowed the prickling and warmth ,is felt in the lips, tongue, ami 
thniat, and after small d«»se.s may be eonfnuMl to thcs«« parts, whil<» if 
an ointiivmt containing aconitine bi* rulilu*d on the skin, the saim* s^m- 
sation is imlttced ha*ally. But no retim'ss <»r sW4‘lling of th<» skin is 
iiulnce.l, nor an* blisters formed, so that aconitine ili tiers <‘ntir<*ly fr«>iii 
the class of skin irritants (page 78). It evnh'nlly :iets by stimulat- 
ing (he terminations of (lu* scnsiwv nervc'i, more espc»‘ially thete of 
common sensation, whih* tin* otht*r sensory i*nd orguis have not been 
shown to be involved. Thus, apart from (he bitter taste whieli it 
possesses in <*ommon with all alkaloids, aeimitine has iioeiVect upon tlu^ 
taste organs during this stage. The stimnlalion ;ifli*r\v,irds passes into 
depression, which indnei*s a sense of nnm)m»*>'‘^ at the |»oint ofapplif*a- 
tion, ami in eas(*s of poisoning, in all the sJirfai'es of the !)ody. 'flic 
taste nerves s(*em to be invoIvf»d in this elleel, if Labiirde's stab'tneiit 
he eorreeg that sweet snl)s(aiK*es have no ta*^!^* ari«‘r aeunitiiie. 'Phe 
irritation of the sensory terminations ofii-ii eans«> a nuinher of refleves, 
such as siu*ezing, <*onghing, inereasi'd scTretion of saliva and vomiting, 
ahlumgh some of these* may In* due in part to >(imiiiation of (lie 
metlnllary eeiures. Kvideiiee of tin; stimnlalion of Other Torminationfl 
is presentiHl in lihrillary twii<*hiiig of the mi|M-|es in tin* frog ami 
sometiim‘s in mammals. 'Phis is prevent«‘d hy enrara, but not: by 
siM'tion of the nerves, and is tlierefon* attributed to stinnilation of (he 
terminations of the motor nervt*s in mns.el(‘s. 'P||i. musr b-s (hemselvcK 
are eoinp:trativ«*lv little aire<*t<*4l. Waller stat4s: that eviii minute* 
<juanlities of a<*otiitiiie alHili-h (he irritahility of m rve fibres wlieii it 
is dire4‘tly applied to ihem. 

The eifV*<*,(s of aconitine on (he Circulation art' somewhat <*oiiiplex, ax 
tile heart is allecte<l <lireetly by it, as well as tiiroiigh il*^ inliibitorv 
nerves, and the vaso-iiiol4»r centre is *^timnla(cfi in addition. The 
frog’s liearl is first aeedenifcd from the direet aetioii of the but 

this fcixm passes into the slow pnisi* ami j»rolongf*f| diastoh* wliich are 
eharaeteristie of inliibit«)ry action. Tlic siibsi'<|nei}t standstill mnv at 
first be remove<l by atrripine, but s/miewhal later remedy fails, as 
the drug begins to act dinn'tly on the heart. A S4'<^md ac^rclerati^m 
muy l>c thus induced, but the writractioiis so<#n In^^ome irn^gular, ami 
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groups of almost normal beats alternate with peristaltic movement^ 
which fail to expel any blood from the heart. Later, the larg*^ contrac- 
tions may alternate with periods of complete quiescence in the ventricle, 
while the auricles continue to beat, and stimulation of the aceelerans 
nerve is followed by periods of regular contraction. The heart muscle 
seems to have lost in great part its jjower of conducting imj)ulses, so 
that the contraction of the auricle often fails to excite a ventricular 
systole; but if the conductivity be increased by stimulation of the 
accelerator nerve, or if the ventricle be excited by a scries of electric 
shocks, it responds by rhythmical contractions. 

In mammals, tlie preliminary quickening of the heart is masked by 
the strong stimulation of the vagus centre. This produces marked 
slowing of the |)ulse, an increased dilation in diastole and a lessened 
systolic contraction ; the amount of bl(X)d leaving the heart is consider- 
ably reduced and the circulation is slackened. These symjjtpms are the 
only ones seen in the heart except with very large doses of the drug. 
They are shown to be due to the action on the inhibitory centres in 
the medulla by the fiict that section of the vagus brings the heart back 
to its normal rate and extent of contraction. In medicinal doses, then, 
the only eflecit of aconitine on tlu! heart is duo to the vagus stimulation, 
the direct cardiac action not c?oming into play, and the administration 
of aconite in therapeutics is one of the best methods of eliciting pure 
and unmixed inhibition. 

In fabd doses, aconitine exerts a further action on the heart, how- 
ever, for the dir(‘(?t imisenlar action now comes into play and the 
heart suddenly ac(?elcrates from the* slow vagus rhythm to one far above 
the normal. At the same time it heeomes irregular, with a tendency 
towards the formation of groups of imp(*rfeet contractions and of con- 
tractions originating in the ventricles imlependently of the auricles. As 
the action beeximes more intense, the irregularity increases, and eventu- 
ally the lu»art })asses into delirium. A curious fact has lx*cn noted by 
several observora — that after section or paralysis of the vagus, a much 
larger quantity of aconitine is required to produce the* acceleration and 
final delirium than when the nerves are intact. It has generally been 
8tate<l that the cause of the acceleration is paralysis of the vagus termi- 
nations, but besides this there is evidently strong stimulation of the 
caitliac muscle, for the aceelenitiou occurs after division of the vagi 
and even in the exciseil heart. The aurieulo-ventri(*ular rhythm is 
disturbe<l, the auricle often beating at a diflereut rate iVom the ven- 
trk^le, and the alternate eousonance and dis.st)nance of their contractions 
partly explains the variations in the ventricular rhythm ami strength. 

The hhKid-pressure in mammals falls rapidly from the lessened out- 
put of the heart in the sbige of vagus stimulation. There is some 
evidencci of nti actioi|*on some part of the vaso-motor mechanism as 
well, for some observers have noted a rise in arterial pre^iire after 
aconitine in animals in which the vagi had been divided or paralyzed 
before the exhibiti4>n 6f the drug. The fact timt the vagus o<‘ntre is so 
strongly stiimiiatod would alsosuggi*st the pmbability of some increase 
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in the activity of the vaso-motor area. After the stage of aci^eleration 
has set in, the blood-pressure becomes extremely irregular, alternately 
sinking to zero and reinaining at that point for sqme seconds and again 
attaining u fair height. These variations ai’e evid(Mitly due to the 
alternations in the heart^s movements. The vaso-motor centre seems 
eventually to become paralyzed, for it has been found that stiimdation 
of an afferent nerve produced no change in the tension, while stimula- 
tion of the efferent vaso motor nerves still caused a markwl increase. 
The vaso-motor nerves and their terminations in the periphery seem to 
be unaffected by this poison. 

The Respiration is early affected by aconitine; it becomes much 
slower, the movements are more labored than normally, and the ani- 
mal suffers from marked dyspnrea. The accessory respiratory muscles 
contract vigorously, and the movements of tiio abdominal expiratory 
muscles are so powerful as to suggest the inoveuumts of vomiting 
rather than of respiration. In fatal cases the respiration soon be- 
comes interrupted by convulsions, and in the intervals between these 
becomes weaker and eventually ceases. Various oxplamitions of the 
respiratory phenomena have been given. It is certainly not due to 
action on the phrenic terminations, for the diaphragm contracts on 
electrical stimulation of these nerves after its spontaneous movements 
have ceased. Tlie dyspuceu resembles somewhat that seen on stimn- 
lation of the centripetal fibres of the vagus, and the theory has imnx 
propounded that aconitine stimulates the vagus k*nninalions in the 
lungs in the same way as the sensory terminations in the skin. Hie 
same dyspmea is seen, however, when aconit*? is given after scettion of 
the vagi, so that it seems to be due to some action on tlie resjiiratory 
centre. 

The action of aconitine on the Central Nervous System is still a 
matter of dispute, as the effeets on the peripheral nerv(*-cncls Umd lo 
oliscnre the symptoms, but then? can be no doubt that e(*rfcain parts are 
stimulated. Thus, the vagus centre is iin<loiibtedly thrown into a con- 
dition of incrcascKl irriUibility, for inhibition of the heart is a marked 
feature of the action. Probably the vaso-constrietor centre also ntuler- 
goes some stimnlation, and the vomiting so often may heennsed, 
at least in part, by increased irriUihility of the medullary (MUitres. 
The convulsions scon in iKith cohl- and warm-hlooch^d animals also 
jKiint to central stimulation, and the respiratory symptoms are e><?rtainly 
of central origin, though their explanation is still unknown. The 
higher centres seem to bo almost uiiaffecU*^! by the drug, for coiiscioiis- 
ncss has often remain(*d to the cn<l, and when this is not the eas<*, tin? 
mental symptoms are to be ascribed to the clianges in the heart and 
respiration. The stimulation produced by aconitine is therefore con- 
fined to some of the lower divisions of the central nervous system — 
more particularly to the medulla oblongata. Some authors sup|)osc 
that the paralyzing action wlrieh succeeds the stimulation, is more 
marked in the senwiry than in the motor sphere and as evidence? of this 
It has been jx>inted out that in frogs the reflexes disapi>car l>cfbrc the 
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voluntary movements, but this is explained by the anaesthetic action of 
aconitine on the skin and cannot be accepted as evidence. The paralysis 
advances much more rapidly in the respiratory centre than elsewhere 
and death occurs from asphyxia, while the rest of the central nervous 
system is shown to be still irritable by the occurrence of convulsions. 

The muscular weakness often complained of after comparatively small 
quantities may be due to the depression of the circulation through the 
inhibitory action, or to nausea. 

The Secretion of saliva is greatly increased by aconitine from the 
irritation of the sensory terminations in the mouth and from the nausea. 
The cold perspii'ation observed in poisoning may be ascribed to the 
collaps(j rather than to any direct action on the sweat glands, although 
Aubert states that aconitine is a powerful diaphoretic in itself. 

Aconitine caus(5S a mark(Ml fall of Temperature both in fever and in 
normal animals, but the precise way in which this action is elicited is 
unknown. Brunton and Cash found that after aconite the temperature 
fell more rapidly than usual if (he animal was kept in a cool bath, but 
rose more readily if it was subjected to external warmth. The fall in 
temj)erature is generally ascribed to the depression of the circulation 
from the inhil)itory action, but this observation would seem to indicate 
that aconite also acts upon the (;entres regulating the temperature of 
the body. 

In cases oi* Poisoning in animals atropine has been found to alleviate 
the symptoms and not infreciucntly to lead to recovery after doses which 
would otiujrvvise hav(? been fatal. This improvement is more espe- 
cially marked in the r<*spiration which may resume its normal charac- 
ter and j)ersist until heart paralysis sets in. Boehm explained this by 
a supposed action on the terminations of th(^ vagus in the lung, but it 
is mon? probably to be ascribed to the stimulant ac'tion of atropine on 
the respiratory eentn^ In those eases the cause of death is said to be 
cardiac pamlysis, but tlu' stag(‘ of irregularity and the final delirium 
conlis is certainly r(»tarded very considerably by atropine. Atropine 
app(‘ars to be the antidote from whit:h most is to be hoped for in cases 
of aconite poisoning. 

Aconitine is Excreted mainly by the urine. Minute quantities have 
also been found in the saliva and bile. 

Benzaconine is very much less poisonous than aconitine and, in fact, can 
scarcely be included among active ptdsoiis, though very large quantities act 
on the heart, slowing it and rendering it irregular, and also depress the 
respiration. It has no effect on the sensory terminations. Aconine itself is 
almost inactive, but largo (juantities strengthen the heart beat and J3aralyze 
the terminations of tlie motor nerves like eurara. It .seems unlikely that 
these ulkah>ids have any intlueiiee on the action of the aconite preparations, 
although the possibility eaimot he excluded at present. 

The alkaloids obtained fix>m some other .species of Aeonitiim have been 
found to iliffer considembly from aconitine niul ])seudneoiiittne in their ac- 
tion. In Aconitum septentrh^nale three bases fappaconitine, acptentrionalinfi 
and epnoetonhie have hinm dist‘OVered. Lappaeonitine causes clonic convul- 
dious, vomiting, dyspmmi and finally paralysis of the respiration and heart, 
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and in the frog lessens the sensibility of the skin. SepUmtrionaliiie does not 
cause poisoning when taken internally, but injected suhe.ntauoon8ly induces 
local anajsthesia and later paralysis of the motor terminations like eurara. 
Cynoctouine is also inactive when swallowed and is less poisonous than tlie 
others when applied by hypodermic injection wlieii it ciuises tonic and 
clonic convulsions which are not generally followed by paralysis, 'fwo 
alkaloids, lycaconitine xwni myoctonine, have been found in Aconitnm lycocto- 
iium, and induce almost identical symptoms. They increase the rellex 
excitability, and this is followed by convulsions and later by itarnlysis of the 
terminations of the motor nerves and by failure of the heart. 

Preparations. 

Aconitnm (IT. S. P.), Aconiti Radix (B. P.), the root of Aconitum Xa- 
pelUis, monk’s-hood. 

TinctuH/V Aconiti (U. S. P.), 1-5 drops every 1-rt hours. 

Tinctura Acon'ITI (B. PA. 5-15 mins If freiiuently repeated, 2-5 mins. 

Ffuiikwtmctfuti Acuuiti (IT. 8. P.), 0.05-0.1 c.c. (1-2 mins.). 

Lhdmentum Anmiti (B. P.). 

Avimiiln(i (IT. S. P., B. P.), an alkaloid obtained from aeoiiit<‘ root. It is 
almost insoluble in water but is freely soluble in aleoluil. (Tommereial aeonitiiie 
very often eontaius large am<»iuils of acotiine and ben/.jieonine, ami therefore 
varies consiilerably in activity. 

(’nyiieufum Aamitimv (B. P.), 2 pt^r cent. 

Staphisagria (U, 8. P.), StaphisagrisB Semina (B. P.), tliedried ripe sieds 
of Delphinium staphisagria, slavt^sjurre. 

FUud(\iintchini SiiiphntujrUv^ (>.05 e.e. (I min.), 

(JiiyuentHin iStajihUayrun (B. P.). 

Therapeutic Uses. — Aconite is einployiHl to a considiTuble ext<‘ni in 
England, the United States and France, while it has fallen into disuse 
in some other countries. Its pharmacological action sugg<*sts its use 
to slow and weaken the heart and circulation, to lower tin* !(*mp<*ratnn5 
and to bemirnl) the terminations of the sensorv nerves in the skin. 
Digitalis is often preseribed to slow the pulse, but it has other ellei'ts 
on the heart and ciretdation, and where tln*se are not indicated, aconib* 
may well be used. Both drugs slow the pulsf* in tin* same way, but 
while aconite slackens the circulation and low<u’s tin* biood-pressnre, 
digitalis accelerates the blood current and incr(^as(»s the arterial tension. 

The temperature is also redncetl by aeoniu*, but thr? in‘wer antipy- 
retics have supplanted it for this purpose, as tlnty are more, certain and 
more powerful in their efFwts. The tincture is still pres<»ribcd how- 
ever, and ought to be given in small r(ipr*al(*il Wlien fever 

is attended by a very quick piilsi*, aconite is (‘specially liktiy to be of 
service, but it ought to Ik? avoided wlj(?n (he lufart is very weak. 

The action of aconitine on the sensory ntfrvc? b?rminations has been 
taken advantage of in cases of neuralgia, and there is dcffidedly much 
more redson for its use than for that of fh<? great majority of drugs 
n?puted to be beneficial in this condition. Either the timrturc, or a 2 
]x?r cent, solution of the alkaloid in oil, or tin? ointment of the B. 
may be employed ext(?rnally. Aconitine has also be(‘n inject(?d sub- 
eutaneou.sly neuralgia, but this mcKle of appIi<?atiori 

is not to be recommended, a.s it causes very sev(*re pain, which in mme 
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cases lasts a long time. The internal administration of aconite in 
neuralgia does not seem to be followed by any improvement. Staves- 
acre is scarcely usecl in medicine at present. 
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XVII. VEBATRINE. 

Sevciral spcf3ic.s of the genus Veratrum have been found to contain 
allctiloids; the most imjiortant of whitdi resemble each other in many 
respects, and tilso present many |K>ints of analogy to those of the 
prxjoediiig grotij). 

Tlie chief mcMiibers of this series are Vmdnae (cevadine) and Proto^ 
wra/me, the former of which i.s found in Veratrum Sabadilla (Asagrtea 
oiHcinalis or Scluenocanlon officinale), cevadilla, and in Veratrum 
vlride, Green Mellebore,' wliiltj the latter is the chief active principle 
of Veratrum album, White Hellelwre.' 

Kaoli ol* these alkaloids is aeeoinpainecl by a number of othera, mo.st of 
wbieh are entirely inactive, while several of thorn arc only weak poisons 
and |)osse.sH little interest. In cevadilla, in addition to Vfrratrine^ there are 
found Salmiine^ Sahadhii ne imd another base, which is known 

as the Veratrine of ll^righf or Coaerhr. In white ludlebore I^*oloveratrine 
is uccoinpanied by JervinCy rreadojerrine, Rubijcrmiey Proioreratridim and 
oth(»rs. (ireon hellebore contains a little Verairine along with JerxnnCy Pseu- 
tUjerrim and Riibijermnr., Jervine, Snbadino and Sabadinine are known to 
possess someaetion on the organism ; eeviidillineand Wright’s veratrine have 
not been examined, while the others are saiil to be inaetive. 

Veratrine and protoveratinc are both 

powerful alkaloids, the latter almost rivaling aconitine in its toxicity. 
Veratrine can be decomiH>sed into angelic acid and a base, cevinc, 
wliieh seems to bo nearly related to aeonine. Protoveratinc is prob- 
ably a combination of isobutyric acid and a similar base. Veratrine 
occurs in two forms, one crystalline, the other amorphous ; the one 
[)asses easily into the other, and their effeets arc identical in animals. 

' HtdlelKm^ ift nlsoth^* v^pnlar n.iiiie of Helleboriis niger, which differs entimly from 
Vtimtrum iii its pvtnciplee^ md also in its action. 
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The efFects of veratriiie on the ceiitml nervous system and the sen- 
sory terminations resemble those of aconitine very closely. On the 
other hand tlie muscles present a curious reaction to veratrine, which 
is entirely absent in aconitine poisoning. 

Symptoms. — The symptoms in man and other mammals conimenc:* 
with prickling and burning in the mouth followed by a sensa- 
tion of warmth in the stomach, inarktHl salivation, nausi^a, and 
vomiting. The bowel is more involved in the effects, than is the ojise 
in aconitine poisoning, for violent purging accompanied by severe colic 
is a common symptom. The prickling sensation soon spreads from the 
mouth and throat to the skin, and is generally followed by profuse j>er- 
spiration. The pulse becomes slow and irregular, the respirations 
slow and labored. Fibrillary contractions of the muscles and convul- 
sions are generally observed, and after some time collapse sets in and 
is followed by unconsciousness ami eventually by respiratory failure. 

Action. — \Vhen veratrine is applied in ointment to tlie Skin the same 
prickling, warm sensation may be elicited locally, and some of the 
poison is absorbed, as is. sliown by these symptoms sometimes occur- 
ring in other parts of th(» body. The caust? of this is, as in tluj case of 
aconite, stimulation of the terminations of the sensory nerves. This 
action causes violent sneezing and coughing when small (juantitics of 
veratrine come in contact with the sensitive mucous membranes of the 
nose and throat and the Sabadilla is therefore known popularly in 
Germany as Nioswurz (Sneeze-wort), Afi^;r tin* irritant action has 
lasted for some time^ the sensory terminations in the skin becornti less 
sensitive, and a feeling of numbness and of cold is noted. Piv)tov<‘ra- 
trine seems to cause less irritation of the s(»!Jsory t<*rminations than 
veratrine, and the subsequent local amesthesia is more coinpleU‘. 

The Terminations of the Motor Nerves are j)aralyz(Kl in the frog by 
large quantities of veratrine, but this paralysis is not preceded l)y an 
increase in their irritability, as was formerly supposed. 

The Nausea and Vomiting which are invariably j)res(Mit in veratrine 
poisoning, may be due in part to the irritation of thestmsory termina- 
tions of the stomach, but must j)robably hi* attributed for the cliief 
part to central action. The salivation may be merely se<?oiuIary t4) 
this emetic effect, or the poison may act on the salivary gland di- 
rectly. Xothing is known with C(?rtainty n‘garding the e^iuse of the 
Purgation, but it is presumably induced by some action on the n(?rv(>us 
mechanism of the intestine. The profuse Perspiration which follows 
the injection of large quantities of veratrine, and the (Mitaneous 8t?cre- 
tion noted in the frog, have Ix^cn attributed to stinnilalion of the ter- 
minations of the nerves regulating the activity of the glands. 

The most charact(?ristic action of veratrine, however, is that on the 
Striated Muscles. If a small quantity be irijectitd into the lymph-sac 
of a frog a curious clumsiness and awkwardness in the movements 
becomes apparent, and after a few minutes it is evident that this is 
due to inability to relax its mii.scles. When a muscle is exprised, it is 
seen to contract as nqndly as usual, but instead of immediately redax- 
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ing again, it remains slmrtened and offers resistance to the contraction 
of the opposing ninscles. The animal can no longer coordinate its 
movements therefore ; for example, it can no longer extend a limb 


Fio. 32. 



TnifilnKs of iniiHciilur ooi»ira«;tion.s from tiu* Kttslrocnouuus of tlic frt>K- normal. 5, throe succes- 
nWu ciOiitruclioiiH taken at iiilcrvuls of one niiiiiito^ five miiitites after lliu injection of veratriiie. The 
c<iiit ruction Ih liigher ami iinicfi iiiuro iiroloiigcd than in o, and the lever returns very slowly to the 
linsc line. 


iium( 3 cliat(^ly afltir flexing it, us it does ordinarily in crawling, and loco- 
motion Ix'tjoincs very slow and ungainly. 

This cluiractcristic at^tion is most easily seen on comparing the 
tracings obtaintxl from a muscle stimnlat<*d directly by single induction 
shocks befor(3 and after the apjdication of vt*ratrine (Fig. 32). In the 
first part of the tracing it will he observed that the height of the con- 
traction is increased by V(*ratrine, hut this feature sinks into the back- 
ground before the marker! ]>rolongali<m of the second part of the curve, 
instead of the almost inslantancons return to the base line seen in the 
normal tracing, the curvir shows generally a slight undulation, and then 
a very slow fall, tin* iwu’iod of relaxation generally being 20-30 times 
as long as that in the nn])oisone<l niiisele, and the whole contraction 
lasting r »-10 seconds in favorabh* circumstances. If, however, the 
innselc be stimnlatiul r(*peatedly at short intervals, so as to induce 
fatigue, the length of the curve decreases until it cannot be distiii- 
guislu?d from the ordinary ninsele tracing ; a similar effect is produced 
by subjecting it to cold, ov by heating it beyond a certain point, while 
luodcrate heat increases the ahnormalitiovS of the tracing. If an nn- 
poisoiied nuiselc ho stimulated repeattHlly, so as to induce fatigue, and 
venUrinc be then injected, it is found that a marked improvement in 
the contraction oceurs, so that while fatigue lessens the prolongation 
ol* the veratrine curve, veratrine removes to some extent the effect of 
fatigue. In the pndouged contraction more energy is used up than 
nsiial, and the amount of heat forimnl during mii.setilar contraction is 
therefore increased by veratrine. Besides the alterations setui in the 
tracing, veratrine increast's the irritability and absolute strength, so 
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that the muscle reacts to weaker stimuli and contracts against a greater 
weight than usual. 

The muscular phenomena are best observed in the frog, but can also 
be elicited in warm-blooded animals, although in the latter they do not 
play such an important role in the symptoms of poisoning. In the 
iVog, the muscle is finally paralyzed, but this does not occur in mam- 
mals, as here the respiratory centre fails long before the quantity of 
veratrine necessary to induce this effect has been absorbed. 

The first explanation that suggests itself for the curious muscular 
plieiiomeiia, that they arc due to some change in the nervous system, 
is negatived by the fact that excised muscles show exactly the same 
reaction. lie/.old explained the pn)loiigation by supposing that a 
ithange was produced in the muscle substance, by virtue of which a 
single stimulus was enabled to s(;t up a tebinic eontmctioii ; but this is 
shown to be incorrect, for if the nerve of another nerve-muscle [)repa- 
ration be laid on the v’^eratrinized muscle, no st'condary tetanus is set up 
in it, as would be the case if the first muscle* W(*re umiergoing tetanie 
(u)ntraction. The generally accepted view is that v<*ratrinc iiicreascs 
tin* catabolic changes in muscle, and therel)y iiidiUHS a prolongation of 
the period of motive eontraetion, as well as an imrrease^ in the li(»iglit of 
eoiitraction and in the absolute strength. Fatigue, by r(‘(liMaiig the 
amount of substance cupalde of undergoing (*atabolic (diangt*, ami eohl, 
by imumsiiig its stability, ctmntemct the effects of veratrim*. 

In the trsieing of veratrinized muscle a curious iindnlatioii is rri*<|uently 
secMi at the toj» of the eontraetion, or the ascent ))niv at lirst l)e riipid, then 
slower, ami then again more rapid, 'riiis has Ikhmi aserihed to V(*rairino 
acting diUerently on tlie two forms of muscle lihre, the ^ray and t ln^ riMl, hut 
tliis explanation has recently been shown to be erroneous (tJarvallo and 
Weiss). Botaz/i supposes that the initial eoiitra<*tion is <lue tt» Mn? aniso* 
tr(»pous snl).-^tanee, while the secondary .slower and prolon/^ed eemtraetion is 
in<liiee<i by increased activity of the .sarcoplasm. Tin*, elecrtrieal or^/^an of 
the torpedo is apiuireiitly atlected by veratrine in the saim? way as .striated 
iiuis<de. 

Waller lias recently sliowii tliat veratrine abolishe.s the? irritability 
of the poriplieml rierve.s when a .solution is applied to tln*m direefly. 

Protoveratrine differs entindy from veratrine in ihs effecds on the 
muscles and the terrniiiation.s of the motor nerves. The latter are not 
paralyzed even by the largest quantities, while the (jontracjtion of the 
muscle is rather shortened than prolonged. The i*x)ntra<d:ioii is higher 
ami the absolute strength h increased, but fatigue is induced more 
readily than in the unpoisoned miiscdc, so that jiroto veratrine apinuirs 
to incrctase the mascular force tein|K>rarily, but h^ids to its early ex- 
hairstion. 

Circulation. — The ventricular muscle of the frog’s lieart is affectcfl 
hy veratrine in very much the same way as the onliiiary striated 
mn.scle, while the auricular inu.scle, consisting chif*fly r>f unstriated 
fibres, is much lass altered. The ventricular systole is at first stronger 
and more prolonged ; somewhat later one jiart of the ventricle is seen 
22 
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to remain contracited during the alternate diastoles of the rest, and 
waves of contraction spread over the heart resembling the peristaltic 
movements of the intestine rather than the ordinary contractions of 
the heart. The whole ventricle is smaller than usual, and but little 
blood is expelled into the aorta. Still later the persistent contraction 
spreads over the whole ventricle, so that it dilates only half as often 
as it did at first, while the auricles maintain their original rhythm. 
This is evidently due to action on the muscle ; the contraction is so 
prolonged as to limit the number of diastoles, and the ventricle can 
therefore react only to every alternate contraction of the auricle. 
After this half-rhythm ” has persisted for some time, the contractions 
become slower and weaker, and the heart finally comes to a standstill. 
The behavior of a frog’s heart under veratrine resembles closely that 
characteristic of the digitalis series. 

In mammals, the chief circulatory symptoms arise from stimulation 
of the rn(jdullary (Muitres resembling that seen in the earlier stages of 
aconifti poisoning. Tlie stimulation of the cardiac inhibitory centre 
produ<;es slowing of the heart and a decrease in its output, while at the 
same time the j)eripheral V(\ssels are contracted by the increased aetivitv 
of the vaso-motor centre*. After larger (juantiiies the terminations of 
tlie vagus ur<* paraly/.ed, and the vaso-motor (jentre is at the same time 
depress(*d, so that tlu; pulse be<?omes quicker, but the blood-presstire is 
somewhat lowere<l. In the mammalian h(*art no such j)roIongation in 
the systole is seen as in the frog’s, but that a slight stimulant action 
is exercised by vcu’atrine is shown by tlu^ fact that very large doses 
quicken the rliythm even after atropine. Veratrine, tliercfore, seems 
to resemble a(Jonitine in its elfects on the mamimdian circulation, but 
much larger quantities are reejuired to prodiu^e ilie same effects, and 
the more evident symptoms of stimulation of the myocardium are not 
cdicilod. 

The Respiratory Changes under veratrine also resemble those under 
aconitine, and in both the cause of d<*ath is the same — paralysis of the 
respiration. 

The Central Nervous System seems to undergo stimulation under 
vepatrino as under aconitine. This is evidenced by the convulsions 
in mammals as well as by the stimulation of the medullary centres 
already noted. After large quantities of the |M)ison this stimulation 
gives place to paralysis, terminating in failure of the respiration. The 
highest centres seem less affected than the spinal coixl and medtilla 
oblongata, for complete consciousness has remained until immediately 
before death in sevend fatal cases. 

The Temperature is sometimes found lower than the normal after 
veratrine, probably owing to the slowing of the circulation. In other 
cases, when tlie convulsive movements are very marked and the heat 
priHluction is therefore much increased, the teni[>erature has been 
found somewhat higher than usual. In eases of poisoning iu mammals 
atropine is stqd by Idssauer to have some value, prt>bably owing to its 
aetiouon the mpirafcoryceutre and on the vagus terminations in the heart 
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As regards the other alkaloids of this series, jervine, sabadilliuo and saba- 
diniiie seem to possess the same action as veratrine, but arc much loss poison- 
ous. Protoverntrine, which as has been said, dillers from veratrine chiefly 
in not prolonging the muscular contraction and in the eireetH on the sensory 
terminations, is much more poisonous. Its action resembles that of acoiiitiiie 
as much as that of vem trine, and it may therefore be rcgaixieil os a link con- 
necting the two groups. 

Preparations. 

Veratrina (U. S. P., B. P.), a mixture of alkaloids obtained ft‘om the seeds 
of Asagnea oflicinalis (U. S. P.); a mixture of alkaloids prepared from ceva- 
dilla, the dried, ripe seeds of Sch<eiiocauloii oflicinalc (B. P.), forms n white 
or gray, amorphous or semi -crystal line poweier without odor, hut causing in- 
tense irritation of the nostrils, wdth an acrid Uiste ami leaving a sensation of 
tingling and numbness on the tongue. It is insoluble in water but soluble 
in alcohol. It contains vemtrine and the other alkaloids of the ])lant. 

Unguentuin Veratrintc (U.. S. P., B. P.). 

Olratum Veratrinw (U. S. P.). 

Veratrum (U. 8. P.), American or Green Hellebore, the rhizome ami rtiots 
of Veratrum viridc. 

Fluiilrjinietym \Watri, 0. 2-0.5 c.c. (8-0 mins.). 

Tinctura Veratn^ 0.2-0.5c.c. (8-0 mins.). 

Therapeutic Uses. — The therapeiitio uses of the nienihcrs of this 
scries arc oxtrcincly limited. V^eratriiu^ is iis(*d in the form of the 
olcate or ointment as an external application in cases of neuralgia, and 
is (icrtaiiily a safer rcnuHly than acoiiitt% Neitlu»r its pharmacological 
action nor therapeutic oxperienc^o suppliers any indications for its inter- 
nal use. Y(?nitrnm viridc i.s used internally in the saimj class of cases 
ns a(?onite, but as its activity is due to veratrine it might well be dis- 
carded from tlie pharmacoiKcia. \^<Tatrum album is also a sujM;rHuous 
drug. 
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St'h*>nk. Ptliiger’s Archiv, Ixi., p. 494. 

i$kand. .\n;h, f. I*hvs., xiv.,pp. 1, 480. 

( armUo ctWem. Joiini. de l*fivs. et Pathol., i., p. 1. 

iiarien, Pfliiger’s Arch., Ixxvii., p. 4S5. 

liaUtzzL An h. f. [Aiiat. ii.] Phys, 1901, p. 377. 

limfuiwin, Jonm. of Physiol., xxv., p. 137. 

XVin. EMETINE (IPECACUANHA). 

I|KH;acuanhfi (Cephmlis Ipcencuanha) has longlK*cii usc'd for its emetic 
and oxjKH'torant virtues, and was until nnsently lM?lieved to rronhiin 
only one alkaloid, Emdine. Paul and Cownhy have shown, Iwiw- 
ever, that this so-called principle is really made up of three distinct 
alkaloids, aphrJine ), 3neftne (C,,H,JCII,)X(X;), anti 

I*^ljdiotrin€j the first two of which are quinoline derivatives and jiro- 
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duce almost idontkial effects, while psychotrine is nearly inert. It 
seems probable that one or both of them are formed by a number of 
other plants, some of which have l>een used as emetics in former times, 
aiul among whieli may be mentioued several species of violet. Their 
chief action is exerted on the alimentary cianal, although they are also 
local irritants. 

Symptoms and Action. — When administered internally emetine has 
a bitter, ac.rid taste, and produces a copious, salivary secretion, fol- 
lowed latcjr by nausea and vomiting with the usual attendajit symp- 
toms. The drug is generally largely eliminated by vomiting, so that 
no further eifects arci observed. When injected hypodermically, 
however, it imluees nausea, vomiting and purging, and blood is fre- 
(juently voi«led in tlie stools, a condition of collapse follows, and the 
animal generally <lies of exhaustion in the course of a few hours after 
the onset of the symptoms. Very large quantities injected subcuta- 
n(‘ously or intravenously may fail to elicit vomiting, but the collapse 
symptoms app<‘ar, and after some weak convulsive movements, the 
animal dies of cardiac; failuix;. In those cases in which death follows 
rapidly on tin; inje<?tion, no pathological l(»sions may be found after 
<h‘ath, but in experiments where smaller (juantities are injected, and 
tin* animal stirviv(*s for IS^2 I hours, the stomach and intestine often ex- 
hibit the app<;aran(;(;s of an ac!it(‘ gastro-enteritis. The mucous mem- 
bram; is swolhai, congested and often covered with a muco-purulent 
se(;retion or studded with eechymoses, and in dogs ulceration is often 
present. A k;sion whii;h is not by any means constant, but which 
oe(;urs in a consid(;ral)le number of animals and especially in rabbits, 
is O'derna of the lungs. 

lOmeiine possesses a poweiilil Irritant Local Action, which is, how- 
(‘ver, much more marked in c('rtaiii individuals than in others. The 
smalh'st quantity of the pow<leivd root of i|)ecacuanha is sufficient 
to induce in the subjects of this idiosyncrasy considend)le swelling 
and injection of the ciurjunetival and nasal mucous membranes, with 
salivation, tears, sneezing, «-oughing and bronchial e^darrh. When 
ap[>li(*d to the skin as a liniment, it prodiices redness, itching and oc- 
casionally a pustidar eruption, bul Lowin states that the alkaloids are 
devoid of action <m the subcutaneous tissiu's. Its action on the 
alimentary canal also indicates its irritant pro[KTties. Jt has been 
much discaissed whether the emesis is wholly due to this irritant action 
on the gastric mucous membrane, or whethm* emetine, like apomor- 
phine, has a specific action on the centres in the medulla oblongata con- 
trolling vomiting. In view of the fact that emetine, like many other 
irritants wlum injected subcutaneously, has a specific action on the ali- 
mentary canal .it seems unnecessary to have recourse to any action on 
the central nervous system, and almost all the facts brought forward 
as evidence of this supposed central action have l)een disproved. 

It is sometimes stated that section of the vagus nerves does not prevent 
ipeoncunnha ft*pm causing voiiiiting, whereas if it only irritateff the stomach, 
the division of those nerves (which are probably the chief siaisory uen'es of 
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the stomach) ought to prevent it by hindering the impulses reaching the 
medulla and setting up reflex processes there. But this stnlement has been 
contradicted, and no great weight can be laid on the argiuneiit in any case, 
because section of the vagus alone causes violent and ]R'rsistout vomiting very 
often. Thumas states that the application of emetine solutinns to the 
medulla provokes vomiting, but this method is so open to objection that his 
inference that the alkaloid acts on the vomiting centre, can hanlly be re- 
garded as justiflable. On the other hand, it may be urged that if "emetiue 
acted on the medullary centre, vomiting ought to follow after smaller doses 
and more quickly wheu it is injected subcutaneously, being thus more rapidly 
absorbed, than when it is taken up from the stomach. But tlnis is not the 
case, for ipecacuanha causes emesis as soon ami iu as small quantities when 
it is administered by the stomach, wiiercas aponnu'phine whicli acts on the 
centre directly, acts much more rapidly and ofliciently wlien it is inject t»d 
suhcutaueousiy. While the question cannot he said lo he ih*linilely settled, 
almost all the facts point to peripheral gastric, and not to central action. 

Emetine injected into a vein weakens the heart's action, and induces a fall 
of hlood-prt‘.ssure, hut when it is injeeted siihciihineonsly or given by the 
mouth the heart is much less af!e<‘ted. 

In the frog, emetine does not cause vomiting, hut a slowly advancing central 
paralysis follows its injection, the spontaneous niovtanents ceasing early, 
and later the reflex ex(*itahility <iisappearing. Tln^ eoiitriuiions (»f the heart 
are rendered weak and irregular, and eventually cease from paralysis of t he 
cardiacj muscle. 

'Phe striate<l muscle <»f the frog has been said to h(» weakem‘d and 
paralyzed by eunUinc, hut this has lieeu disputCMl, and the mus<ailar a<’titui 
is in any ease slight and uniinporlaiit in frogs ]>oisoned with tlu^ alkaloid. 

The nausea and vomiting are atn^onipanied by tin* nstial sympt-oms — 
muscular weakness and depression, iii<*reas(‘<l secretion of saliva and of 
mmms by the glands of the throat and respiratory passages, often per- 
spiration and generally temporary awrelerat ion of’ tin? pnls(‘. 
apomorphine, p. 235.) Most of the researcluNS on wliicdi tin* abovM‘ 
statem(‘iits are based have been performc'd with a nji.xtnre of the alka- 
loids, lint the two chief of these resemble eac:li other very closely in 
tlu‘ir elleets, eeplaeline being somewhat more pow<M’ftiI than pure 
emetine. 

Emetine and c(*plueline have not been usvd in ))ra<*!ieal llnTapenties, 
various preparations oftlie crude drug being pr(?scrib(*d instead. Th<*ir 
isolation is so difficult that it seems unlikely tliat the pure alkaloids 
will be made use of in the near future, and from a comparison of tlufir 
effects witli that of i{K‘(;acuanha it scarcely seems <le,sirable that they 
should be introduced. For ipecacuanha is much less liable to produce 
purging than emetine, probably because the solution of the alkaloids 
is retardtnl by the presence of large* (|nantilies of tannin bodies and 
other impurities, wliilc at the same time the emetic action is but little 
slower than that of emetine. 

rKEPAIlATfONK. 

F, S. P. Ipecacuanha, the root of Cfcpha*li>- Ipeeacuanha. 'I’he. powriered 
roul is proseribeil in dywntery in qiiaiititicK of 2-4 <». (.'jO-fiO gr^.); eineti**, 
2(r. grs.); expectorant, O.OtMJ.JiG. (Fo grn.). 
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Fhddextraatum Ijtemewtnhm, expectorant, 0. 2-0,5 c.c. (8-8 mins.); emetic, 
2 c.c. (30 miiiH.), 

Syrupus iPEOAcuANH-ff':, 1 expc(!toraiit, 0.1-1 c.e. (2-15 mins.); emetic, 

ViNUM IprcacjuanhA':, J 2-4 e.c. (J-1 fl. dr.); for a child. 

Tinctura IPKOACUANHjR KV Opji contains 10 per cent, opium, i, e., is of 
the same strength as laudanum, 0 3-1 c.c. (5-15 mins.). 

PULVIH IPECAOUANHAi ET Opii (10 per cent, opium), Dover’s Powder, 
0,3-1 O. (5-15 grs.). 

B. P, — Ipecacuanhss Radix, the dried root of Psychotria Ipecacuanha, 
expectorant, J-2 grs.; emetic, 15-30 giu. 

Extracium Ipecacuanhw Liquidum, exxiectorant, J-2 mins.; emetic, 16-20 
mins. 

Acetum Tpecacuanhw, 10-30 mins. 

ViNiJM IPKCAciTANiiiK, ex[»ect<>rant, 10-30 mins.; emetic, 4-6 fl. drs. 

TroclmciiH Ipeawuanhw, contains J gr. of the j»owdered root. 

Tr<muiis(jus Morphina*: et Ipecacuanha^:, each contains 3 *^ gr. of mor- 
I>hinc hydrochloride. 

Pui.VfH Ij'KCACuanhai: Compositus, Dover’s Powder, 10 per cent, opium, 
5-1 5 grs. 

Pilulit Ipecacuanhie cum Scilla^ 4-8 gi‘H. Thi.s jjill is formed from Dover’s 
Powder, and contains about 5 i>er cent, of opium. 

Therapeutic Uses. — Ipecacuanha has been largely employed as an 
emetic, and although it has been replaced for some purposes, notably 
in cases of poisoning, by apotnorphine, it still has a certain field of use- 
fulness in cases in which an emetic is indicated but in which the hypo- 
dermic method is objectionable, as in children. At present, ipecacuanha 
is used chiefly as an exjicctorant in the treatment of inflammatory 
conditions of the res])iratory passages. For this jmrpose it is prescribed 
ill very imudi less (piantitios than those necessary to produce emesis. 
It acts indirectly tliixiugh its nauseating jiropertics, and has the ad- 
vantage that its action is inueli more prolonged than that of a|)omor- 
phine, and at the same time is not so depressant as that of seveml 
metallic substances, such as tartar emetic, which are used for the 
same purpose. It increases the s(»cretioii of tlie bronchial mucous mem- 
brane, and further tends to render it more fluid, so that the mucus can be 
cougluMl up more easily. The increased secretion may also be of 
service by protccdiiig the inflamed and irritable membrane from the cold 
air and tliereby lessening the cough, and in order to strengthen this ac- 
tion i}ieeucimnha may 1 h^ prescribed in annbination with oxiium, either 
as a lo/A»ngo or in the famous Dover’s ixiwdor. When the secretion of 
the bronchi is already excessive, and the cough is rather to be encour- 
aged than repressed, these preparations are of course contraindicated. 

Ipecacuanha is also employed as a diaphoretic, either alone or more 
commonly as Dover’s powder. The perspiration is not so cojiious as 
that following pilocarpine and other diaphoretics, but resembles rather 
that produml by warmth applied to the skin. Dover’s powder is 
therefore a common remedy in chills and in commencing catarrh of the 
respiratory passages. 

ipevaeuanha is used very hugely in dysentery, {lartienlarly in tro|u’- 
cal dysentery, in which it seems to act almost as a s|>ecific. Its effect 
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is attributed by some authorities to the amount of tannin con- 
tained in the root, and a preparation of ipecacuanha from which the 
alkaloids have l)een removed {Tpemcuunha Dvemdimmia) is said to be 
as valuable in these cases as the unaltered drug. Others are inclined 
to ascribe some of the virtues of i[)eeacuanha to the alkaloids, and deny 
that the same results are obtained by the use of this preparation. The 
purified j)OAvder has the advantage of not causing any nausea or vomit- 
ing, and is certainly to be preferred to the crude root if the claims of 
its advocates prove to be well founded. Very largi^ quantities of the 
powdered root arc generally required in dysentery. Many proscribe 
enough to (uiuse vomiting at first, and then follow this up with smaller 
(|uantities which are used along with morphine or ice, or w^ith sina- 
pisms to lessen the nausea and vomiting. Otluu’s give a few drops 
of laudanum at once, and when the medullary irritability is thus 
reduced, and there is less danger of vomiting, j)r(»seribc 3t)-()() grs. 
(2-4 G.) of the powdered root, and continue the treatment with 
.smaller doses. 

Ipeeaeuanlui has been recomnuuuled in very small quantities as 
a stomachic, even in (?ases of vomiting, ami its action on the mu- 
cous membrane might be cxfiected to be of value in some erases ; l)ut 
it very often fails to have any effect, and is not wiclely used for this 
j)nrpose. 

liinumuiAPHY. 

Djffc Duehnirlh. St, ISiirth<)]oinc\v ilosplUil Itcjuirts, v., p. 218; vii., p. 01, 
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XIX. COLCHICINE. 

Cokhicine and (^olehiceine arc two nearly njlated bodies found in the 
seeds and conn (»f Colchicum auturniiale, which owes its activity to 
their pre.seiice. They are generally inelud(Hl amojig the alkaloids, but 
difler from the other members of tlii.s class in posses.«iiig an acid redac- 
tion. Their chemical structure is still im|ierf(M;tly known, but they 
do not seem to contain n pyridine ring; colchicine 
(NIIC(X/II.^)COOCiT.J is the metliyl ether of ctdcliitdcune 

Thtrsc two prim.'iples are apparently 
identical in their eftects, which are observed chiefly in the alimentary 
c^anal. 

Symptoms. — ‘So symptoms whatever follow the use of colchiciirn in 
ordinary therapeutic quantities. After the administration of a poison- 
ous dose to man or animals several hours elapse bcfi»re any syinptonis 
arc elicited, and the amount injected has but little influence on the 
duration of this preliminary stage. Whether given by mouth or hy|K»- 
derraically, colchicine produces symptoms of discomfort in the stomach 
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and intestine* Pain in the gastric region is followed by salivation, 
nausea, vomiting, and diarrhoea. At first the evacuations are the 
ordinary contend of the stomach and intestine, but afterwards a quan- 
tity of sticky mucous fluid may be ejected, often streaked with blood. 
Later, a condition of depression, ai)athy and collapse follows, and the 
movements become slow and difficult, more especially in the posterior 
extremities, which eventually become completely motionless ; the 
paralysis then progresses ujiwards until the movements of the fore 
limbs and respiratory muscles are involved, when death occurs from 
asphyxia. In man, the intelligence remains until death, though there 
is generally some giddiness and precordial anxiety, and occasionally 
some confusion or even delirium preceding the collapse. 

In mammals poisoned with colchicine, the alimentary canal exhibits 
all the appearances of acute gastro-enteritis, with numerous ecchymoses 
especially in the u|iper part of the bowel. In less acute aises these 
inflammatory symptoms are less marked, and in man there is seldom 
more than catarrh of th(i duodenum. 

The Oirculation is but little affected apparently. In animals the 
bIood-])ressure and heart rhythm remain normal, and though a small, 
rapid ])ulsc iriay be oiu? of the features of the |>oisoning in man, this 
is due to the (collapse rather than to any direct action on the circula- 
tory organs. 

The Respiration is slow, but is deep and full at first. Later it be- 
comes shallow, and the failure of the centre is the cause of death, the 
heart (*.ontinuing to beat for sorntj time afterwards. 

The Movements of the Bowel are much hastened when the symptoms 
set in, and JacobJ believes that this is due to an increase in the irrita- 
bility of the ncyrvous mechanism, which accordingly reacts more stnmgly 
than usual to the natural stimuli; but this is entirely inadequatcj to 
explain the acute inflammatory appearances, which are evidently due 
to an irritant action on the mucous membrane. 

When Locally Applied to sensitive mucous membranes, or when in- 
jected hypodermically, colchicine is intensely irritating, })roducing 
redness and prickling in the skin, and a burning sensation in the 
mouth and throat. 

The Nervous Symptoms arc supposed by some to be due to a direct 
action on the central nervous system, but may probably lx> ascribed 
ratlier to a condition of collapse produced indirectly through the action 
on the abdominal organs. It is true that in many cases, csiK>eially in 
man, the post-mortem appearances do not indicate any marked alter- 
ation of the stomach and intestine, but the symptoms throughout in- 
dicate that the nervous effijcts are indirect in their origin, and not due 
to any direct depression of the brain cells. When the collapse symp- 
toms ap|>ear, a certain degree of insensibility to external impulses may 
l>e made out in the int(?gument, but this sauus due rather to the gen- 
eral depression than to any real aiuesthesia of the skin. 

The infiuenoe of colchicine on the Kidneys varies, for in some cases 
complete anuria is produced for many hours, while in otliers the urine 
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is slightly increased. Tlie constituents of the ucino are not materially 
altered by ordinary therapeutic doses of colehicum, and, in jiarticular, 
the uric acid shows no constant change in aniount. In animals bloody 
urine is sometimes passed after cxdchicine. 

All of those symptoms are exactly those caused by a large number 
of poisons, including some of the bacterial toxinos aiul the heavy 
metals. Slany local irritants when injected into the blood or when 
absorbed from the subcutaneous tissue or the alinientary canal, exei-cisc 
au immediate, local action, which betrays itself in pain, or ewrhyinosis 
and swelling at the point of injection, but these symptoms pass olf in 
a short time and the animal liccomes apparently normal for many 
liours or even days. At the eml of this time, Iniwever, symptoms lie- 
gin to develop at two points — in the alimentary canal and in the 
kidneys. The reason probably is that the poisons arc (Kxcrcted at 
th(\se points and arc either freed from soiin^ liarinl<*ss comhination in 
whi<*Ji they have circulated in the tissues, or perhaps colleet in larg<»r 
ijuantities in the excretory organs. At any raU‘, irritation and later 
acute inflammation are. set up at th(‘s<‘ points. At lirst tin* irritation 
cxcitivs only diarrlaea and diuresis, hut as it goes on gastro-enterifis 
ami anuria or luematnria may he pro(lnc<*d. 'I'he synipt^iins liom tlu* 
intestine and kidn(*y may not he e<jnally well marked ; at one time 
the oiK^ bceomes inflamed while the otluT is only snl»j(‘cled to mild 
stimulation, while at other times both are the s(*at of acute inflamma- 
tion. The inflammation of the bowed produces a (»ondition of collapse, 
which is seen also in various intestinal disi^ascs, siadi as cholera. 
Sometimes the poisons (and also cholera) pnalnce no wry marked 
symptoms of gastro-intcstinal disorder, hut rather those of (‘ollapse, 
hut there is no reason to believe that the collapse is <hi(* to any direct 
action on the cmitral nervous system. 

Til the frojj, eolehiciiic has little or no elleel, but it tin* soliiiioii he <‘Xj»ose<l 
for some time to the air, it causes a prolongation of the miis(;iihir (wiiitraetion 
similar to that seen after veratrine. and eventually a telaiius res(*mhling t hat 
dne to strycrhniiie. .Jacobj theref«»re believes that in maniiiisils the etli-ets 
are not produced by coli’liieine itself, hut liy a suhsiaiiei* foniieil by its oxida- 
tion in the tissues, oxydii'olehieim*. The frosr^s ore iiniilfh* to oxidixii 

eolehieine, hut if oxydi<*olf?hieine he for in ei I by Iheexpo.sure of eidehiiatu*. 
to the air, it produces these symptoms. Oxy»lie«dcJiieiiH* eauses the same 
symptoms in maraiuals as colchieiiie. 

I^IIKPA RATIONS. 

Colchici CormUS l U. S. P., B. p. i, the conn or hull) (Jolehiciim atiiiiiMiiale, 
(2-r>grs.), 

ExIniHum Voldiiri Conni (U. .S. P. ), 1 G. (.J- ligrH.). 

Exirmtnm (Mchim (H. P.), |-l gr. 

ViNCM CorxTiiei (B. P.) (lO-.tO mins.). 

Colchici Semen (C. H. P.), Colchici Semina (B. P. », the w ol of Colchieum 
autuiMiiale. 

(Jolrhif’i StminU tU. S. T\), 0. e.c. (2-5 tniiiH. 

T^nctura Cof^hwi SemiuiK (U, S. P,), c.c. (5-15 rninn. 

Tfnrhjra (hhhuri Seminum (B. 1\), O.JT-1 <i.c. (5-15 mins.). 

Mnum fjolchid Eeminut (U. 8. P. ), 2-5 c.c. 
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The Vinum Ookhici Radkis is the preparation usually prescribed. 

(hlchieina (U. H. P.) an alkaloid obtained from colchicum, pale 

yellow in color, with a bitter kste and clmract(‘ristic odor; soluble in 22 parts 
of water and in alcohol. Dose, 0.5 mg. (iJo 

Therapeutic Uses. — Colchicum has long heeii used in gout on purely 
empirical grounds. In fact, the pathology of gout is so obscure that 
no rational treatment for it can be looked for at the present day, and 
the efficacy of colchicum in this disease can, therefore, be argued solely 
from clinical experience, which here gives only uncertain indications. 
Up to a few years ago the routine treatment was wine of colchicum, 
i)Ut of late many physicians have denied that any benefit whatso- 
ever was obtained from its use. Others maintain that colchicum is 
at any rate tlui most eflicacioiis drug availahkj in many eases, and here 
the matter stamls, hut the us<‘ of colchicum in gout is not universal 
now, as it was formerly. Some attempt has heem made to place the 
practi(5e on a rational i)a.sis by slu)wing thiit it in(U‘eased the excretion 
of uric acid. But a number of other intestinal irritants have the same 
cffi^ct, and it now seems to he proved that gout is not due to a deficient 
excretion of uric acid, so that its increased «*limination would not ex- 
plain the alleged b(?neli<5ial (‘jf(‘cts of colrhicaim. Besides this increase 
in the uric acid ex<!retioii is by no means a constant result of eolchicum 
medication, for it not infre(|uentiy has tlui opjKisitc effect. And in 
gout the uric acid excretion does not seem to be modified at all by col- 
chicum. 

Colchicum has also been used in chronic rheumatism but here it is 
of little or no benefit. 

Biulukjuaimiv. 

Jacohj, Ari'-h. f. exp. Path. ii. Pliuriii., xxvii., p. 111). 

iV. Paion. llrit. JSIchI. Jourii., 1880, i., p. .‘>77, and Jourii. of Aiiat. ii. Pliys, , xx., 
p. 207. 

Fawc4tti. Qiiy^H Hospital llotM)rts, lii., p. 115. 


XX. SAPONIN, SAPOTOXIN AND SOLANINE. 

Under this grouj) are arranged a tiumher of glucosides which have 
many features in eomnu)n both in their chemieul properties and in their 
pharmacological action. Many of them have not yet been completely 
isolated, and it seems not unlikely that several which are now believed 
to be distinct, will prove to bo identical. Robert has found that many 
of them may lie arranged in a chemieul series Some have 

an acid reaction and form salts with the alkalies, while all po.ssess the 
characteristic gliimsidal reaction, l)eing deeomposetl by aeitls and fer- 
ments into sugars and unknown inactive substances. The most poi- 
sonous among them are designated by the general term of Sapoiojcimy 
wliile Saponm may be used to include the less atdive ones and certain 
innociioii.s isomers of the sapoloxiiis which are formed from them by 
boiling wiUi alkaiiea. These terms as well iis the jK>pular names of 
several of the plants from which the active principles are derived, 
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refer to the property they possess of forming frothy, soap-like solutions 
in water and of holding insoluble bodies in suspension in it. Very 
often several of these bodies are found in a single plant, either several 
powerfully poisonous ones (sapotoxins), a mixture of sajmtoxins and 
saponins, or saponins only. 

Saponiiis or sapotoxins arc found in about 150 species of plants. 
The chief of these are : 

Quillaja saponariai or soapbark (containing (]mUitja--Hapoioxin and 
(juilldjac a<*id), 

Saponaria officinalis, or soapwort {mponihrhi tind mponm). 

Cyclamen Europeum, or sowbread (et/claniin). 

Polygala senega (Hcucf/hi and poliff/alic nvidy 

Agrostemma githago, or eorneoekle (af/rosfatnna^i<iipoln.vlit^, 

Gypsophila struthium and other s|KHMes {(jjipmphila-HnpoUKvin), 

Ohamaelirinm luteum, or blazing star (vlifnuaiirittiii-^mpoh.riii). 

Smilax, various species, including those known as sarsaparilla (mrm^ 
pfniiH, .sar.H((paril/U‘-s(fpoitin and panfUn or Kiai(<uun), 

In addition to the plants, which owe tlua'r action to the pnseiu'e 
of these bodies, a number of drugs contain sajionins along with other 
more important principles. Thus, an almost inactive saponin (d////- 
hnin) is met witli in digitalis, and siiiiilur sapoinns probably oeenr in 
several others ’of tlic digitiilis series althongh they have not yet been 
isolated. 

Tlie most poisonous of these? are the sapotoxins of quillaja, agros- 
temma and gypsophila, (piillajac acid, and eyclamin. Scn<*gin is only 
about one tenth as poisonous as qnillaja-sa|>otoxin, and (la? Ha|M>nins 
prepared frcjin the sapotoxins arc still less elangcu’ous. 

Another body closely resembling the sa|)onins in action is Sohniinr, 
a glucosidal alkaloid found in many s|)ecitfs of Solanum, such as »S. 
nigrum (black nightshade), S. dnlcumara (l>itl(»rswcct), S, Inberosnm 
(potato), and probably in some speci<\s of Hcopolia. I n St^lannm nigrnrn 
and S. dulcamara it is accompanied by small (jnantities of oikmip more 
bases resembling atropine, while in dulcamara a glu(?osidal body. Dal- 
mni(irinj has been found also beh)nging to tia? sapotoxiii series. 
So/aniuf is saifl to be generally ac(x)in|)anic;d by Mfturinr, a nearly 
related alkaloid. Solanine breaks up ou laarig heated with acids into 
sugar and a base, HoInnkUrw, whi(;h retains the pois(uious action. In 
some plants both solanine and solanidine s<»cmi to bf? present. 

Its chief irnportatieo arises from its occurrciict* in the |H)iato, which 
has given rise to widespread poisoning in s<?veral iiistaiic^es. TIkj 
amount of solanine in the potato is in general tew) small to provoke 
poisonous symptoms, even when enormous c|iiantities an? eal<?n, but 
when the ])otatoes Ixigin to sprout in dam[> cellars, tlic fM^njcntiige of 
solanine rapidly increast?s, esjiecially in the gn’eii buds and the small 
young tubers. In old, rotting potatoes it may also becrmie dangerously 
cases of jKiisoning are more likely to arise from the use of 
the green, unripe ]>otatoes than from thos<; wliich are obviously unfit 
for use. Weil stat^ that tiie increase in solanine seen in potatoes (hat 
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have been kept too long is due to the presence of bacteria which form 
this alkaloid from the potato. 

In any case the potato skins contain nearly half of the solanine^ 
and if these be removed before boiling, a considerable part of the 
alkaloid contained in the edible part is extracted by the water. 

Action. — The sapotoxins possess a very irritant, local action, and 
produ(;e acute inflammation of the alimentary canal and extravasa- 
tions in various organs, when they are carried to tliein by the blood. 
They also destroy the red blood cells when brought into contact with 
them. 

They have a harsh, acrid, unpleasant taste, and when swallowed pro- 
voke nausea and oftiMi vomiting, with pain and colic, and less frequently 
diarrhma. They are not absorbed by the normal e])ithelium of the 
alimentary canal, and thendbre fail to produce general symptoms, un- 
l(*ss some l(\sion, such as gastric ulcer, is ])resent. Thus pigs feed 
with avidity on (.yclamen and are unharmed by it unless some lesion 
of the intestine is pr<‘Hent. The unbroken skin is not affected by a 
single application as a general rule, and absorption is extremely slow 
from the sulwutaneous tissues, in which th(‘y act as irritants, however, 
and pr<»du<-<i inflammation and sup|)uration. The sapotoxiii derived 
from Agrostemma <liflers from the others in being absorbed fairly 
rapidly from tli(‘ aliun'iitarv canal and from the subcutaneous tissues, 
so that more <langerous symptoms may arise from it than from the 
other members ol‘ the series. 

In an epidi'inie of solaniiu* poisoning from potatoes described by 
S(ihinicMlel)(»rg, tlic^ sym])toins consist(*d of headache, colic, vomiting 
and <liarrlava, gcMieral depression and weakness, and some mental con- 
fusion. Ill s(*ver(! cases pallor or cyanosis, dilated ])upils, short periods 
of uncons<;iousness witli acceleration and then slowing of the pulse 
were observed. All the patients recovered in the course of ten days, 
in many cases some rise of temperature was noted. In experiments 
on animals, I\u’les found almost the same symptoms and the same 
post-mortem appearances as af*ter sapotoxin. Diarrhoea was not so 
easily imluced by .solanine as by the poisonous potato, perhaps because 
the pure poison was absorbed from the stomach, while it w'as carried 
into the bow'el when mixed with the other constituents of the ])Otato. 
Solaniiu^, on the other hand, seems more liable to cause nephritis than 
most sapotoxins, and albumin and hjemoglobin are generally found in 
the urine. AVhen solanine is administered by the mouth, most of it is 
decomposed in the tissues, for very little reappeai*s in tlie stools and 
urine as solanine and solanidine. 

When tlicse bodies an* injected directly into the blmKl vessels, they 
induce much more ebaracteristic changes, wbieb very often prove fatal 
after a longer or shorter interval. Very large quantities thus injected 
may kill animals within a finv minutes from respiratory paralysis, and 
no eharaeteristi(^ appearantt*s are to be found post mortem. Smaller 
doses induce depras^ioii, l(>ss of apfwtite, sometimes vomiting and diar- 
rluva, geiiohxl weakness and collapse, w ith some dyspnoea and irregular, 
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feeble pulse. Weak convulsions appear just before the fiului'e of the 
respiration, while the heart continues to contract for some miimtes 
longer. In these cases ecchyiuoses are found in the serous membranes, 
pericardium, pleura and peritoneum, and occasionally in the kidneys. 
Endocarditis has been observed in some instances, but the most impor- 
tant alterations occur in the stomach and intestines, the mucous mem- 
brane of which is swollen and congested and contains rmmei*ous bhuxl 
extravasations. The lymphatic glands of the abdominal cavity are 
also swollen and congested and often filled with luemorrhages. Oc- 
casionally the kidneys are found to contain numerous blcxx! casts fill- 
ing the lumen of the tubules, and in these cMses nll)Uiniii and hscino- 
globin appear in the urine before death. In Cyolamcu poisoning 
(from intravenous injection) luemoglobinuria is one of the earliest 
symptoms. 

The saponin bodies are general protoplasmic ]>oisons, d(»st roving life 
wherever they come in contact with living tissiu*s in siitlicii'nt coiutcntra- 
tion. Their irritant action on the month, throat, and stoiiUK^li is the 
cause of the nausea and vomiting ol)S(»rvc<l when tluw ar(‘ administered 
in this way, and they caust* siu*ezingand conghing from the same action 
in the nose and throat. On other numoiis incmbrain^s, snc.li as the <*on- 
innellva, and in wounds, they »*ans<‘ similar irritation and inllamnia- 
tion, wdiicli may be folhnved by suppuration. A form of local ames- 
thesia oftem follows this irritation, the terminations of the sensory 
nerves apparently being b(‘nnnibed, but the |)reliminary irritation pre- 
cludes their use for this purpose. 

Kven the unbroken skin may be irritabsl wdien they area|»plied re- 
peatedly or rubbed on in the form of ointment. Tins irritatiem is l»e- 
trayed by r<*dness, heat, it<?liing, and ev<*ntnally by the fi»rmalion of 
j)nstules. Their local effects when injectc<i snlamtaneonsly also indi- 
cate their irritant properties. 

When the individual organs arc exposc'd to tint a(;tion of sa|)oiiin 
bodies by the direct applic^atioii of solutions to tlnmi, a similar poisrm- 
ciis action is elicited. Muscle contracts more wc'akly in dilute 

solutions, is eventually cmtirely paralyzed, and is altered in striietnn*, 
the transverse strise of voluntary mns<‘lc» and (»f the. In?art b(*('eming 
very indistinct. Nerves ex|)oscxl to si)lnt ions are also paralyze<l in the 
same way, and the movements of cilia e(?ase at onecj w'hen they are ex- 
posed tosapotoxin bodies. The blood nndergfies charaeU!risti<t cliangifs 
when it is acted on by .s{H>omn either in the vess*;Is <»r in tluj test-tube. 
The coagulation is said to lx? accelerated by small (piantities of eyela- 
min, and is certainly retarded by larger, but the mr>.st striking effect is 
the destruction of the red corpuscles and the liberation of the hajin- 
oglobin, which forms 'Maky ” blood. Even onc! part of cyclainin 
added to 100,000 parts of diluted blood (iompletely destroys tin? r(»d 
blood cells, \vhile hiemoglobin appears in the serum when consider- 
ably less poison is added. The other saponin l)r)dies aet less power- 
fully in this direction than cyclamin, but still |)nxlnce distinct solution 
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of the substance of the red corpuscles. When a saponin is injected 
intf) the blood of a living animal this destruction of the red blood- 
cells takes placje to some ext( 3 iit, and the plasma contains heemaglobin, 
while the blood corpuscles are c(Hisiderably diminished in number. 
This luernolytic action is not the result of changes in the haemo- 
globin, for the corpuscles are found to be more permeable by salts 
also, and this even under conditions which prevent the liberation of 
hicrnoglobin (St(nvart) ; it has recently been shown that saponin acts 
more powerfully on the red blood-corpuscles in the absence of serum, 
and that the stnjinata of the eorpusedes are the parts affected and not 
the hfemoglobin; tinally, it appears extremely probable that the haemol- 
ysis Is du(? to the affinity of saponin for the cholcsterin and other 
lipoids of the eorpuscles, the edumges in the physical condition of the 
cholesterin through the permeation of the gliicoside resulting in the 
rupture of the <*.<dl and the liberiition of the haemoglobin. ♦The 
seriini retanls the action of saponin on the corpuscles by fixing 
some of it in combination with its lipoid constituents (llansom, 
Hedon). 

'[fhe circulation in mammals is comparatively little affected until 
just Ixd’ore death, when the blood-pressure falls rapidly and the 
])ulse Ix'comes weak and slow. The heart continues to beat for 
a short time after the respiration ceases, but is very weak, and finally 
sto|)S, oven although artificial respiration is maintained. The isolated 
frog’s heart is paralyzed by sapotoxins in the same way as the isolated 
mus(de. 

In many experiments, death would seem to be caused by collapse fol- 
lowing th(3 changes in the alimentary canal. In others, however, when 
only small quantities of the poison have been injected, no such changes 
are observed, but the animal dies after a few days, presenting no dis- 
tinct symptoms except genend weakness and depression. On the 
other hand, very large quantities injected into a vein may prove fatal 
within a few minutes, and here again no symptoms of intestinal action 
may appear. It is therefore believed that in addition to their irritant 
effwts these bodies have a special action on the central nervous system, 
although it is impossible at present to specify its nature. The respira- 
tion is in all cases the fii’st vital function to be suspended. Sapotoxin 
applied directly to the spinal coixl in the frog first provokes convulsive 
twitching and clonic spasms and then paralyzes the animal, but it may 
be questioiu^d whether it would have the same effect when carried in 
the blood. 

The sapotoxins are poisonous to invertebrates apparently, unless they 
are protected by u shell, through which tlioy can not penetrate. Thus 
the ainmba and other simple organisms cease their movements, w'hile 
intestinal worms are first excitetl and then paralyzed in the presence 
of some of the group. 
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Pkkparatioxs. 

Quillaja (U. S. P.), ftuillaiaB Cortex (B. P.), Panama bark, Soap bark, the 
inner bark of Quillaja saponaria. 

Flukkjrtradum Quillajw (U. S. P.)> 0.2 c.e. (3 mins.). 

Tinctum (Jtai/ajfp (tJ. 8. P.), Tindura QuU/auv (B. P. ), 2-4 c.e. (3tM)0 mins.). 

Sarsaparilla lU. 8. P.), the root of Smihix oilieinalis, S. modiea, 8, papy- 
rawa and i»f other species (»f Smilax. 

lyuiikj-travtuui Sarsapari/kv (IJ. 8. P.), 4 c.c. (1 ft. dr.). 

Fkfkk^^dravhim Surmparilkr c<mtains sassafras, liquorice, and mcze- 

rcum. 4 c.c. (1 11. dr.). 

Syrupm Sjntajjanikr (Mmpomiua (U. 8. P.) eontaiiis liquorice, senna, and 
the oils of sassafras, ani.se and wintergreen. 10-15 c.c. {2-4 11. drs.), 

Sarsse Radix (B. P.), sarsaparilla, the drh^d root of 8nii1ax ornata, im- 
ported from (VKstii Rica and known as .)iunai(‘a s;irsjq)arilln. 

JJtptor t*ompodh/.i (hum^ttfrofus (B. 1\) is formed from sarsaparilla, sas- 

.safnis root, guaiainim wootl, li<]iionce aiul iiiezereum. 2-S fl. drs. 

FjintduM Savittr iMptUiuni (B. P.l, 2-4 11. di*s. 

Seftega (P. 8. P, ), Senegal Radix (B. P.). the n»o( of Polygala Henega. 

FfttiJ^jinirfuni Svhrtfiv (I .8. P.), 0.;V 1 c.e. (10* 15 mins.). 

Sip'ttpns fSt'iirytr (IJ. 8. P. ), 4-8 e.e, (1-2 H. <lrs.). 

Tiudnnt tSnin/tr (1>. P. y, A-l tl. dr. 

Ijfputr St'nt'fitr i'nnvviitratns (\\, P. j, .J-l 0. dr. 

Jtt/uHum Srm'iftr i B. P. A-1 tl. «»/. ; as a draiiglil, 2 11. oz. 

Hemidesmi Radix (B. p.), tluMlried rout of ilemidtsmiis lndicil.s. 

SynijiHx ilcmidpsun (B. P.j, A -I H. dr. 


Therapeutic Uses. — Tho tlrugs of thi.s gr()i4>an‘ allquito Huperlluous* 
They may ho. used toineroase the bronchial secretion in cough through 
the nausea (jansed by tlieir slight irritant action in th(^sl()nm<;il, hut they 
have no utlvantages over such drugs as i|>eeacnanlui or a|>oinor|>liiiie ; 
the syrn[) of senegji is often prescribed in cxpctdorant mixtures for 
this purpose. Sarsaparilla has been snppo.sed to have an obscure 
action on the nutrition, and has some reputation in the treatment of 
sy|)hili.s, but tliere i.s no reason to believe that it is oi’any service here 
f»r in any other condition, although it may be nswl as a vehicle lor the 
administration of mercury and iodi<le of potassium. For this ])ur|K>se 
the compound .syrup IJ. S, P. or <.H)in|X)und liquor It. P. is the best 
prejiaration. (Quillaja has been used to some extent as an expectorant, 
more largely to form emnlsions and tosu.speml insoluble powders. Its 
})oisonous action ought, however, to preelude its use for thi.s piirp^se. 
It is frecjucntly stated tliat rnembei's of the .sapotf>xin series are anti- 
dote.s in digitalis poisoning ; but thi.s is founded on experimejits in whicli 
both drugs were applied directly to the frog^s heart, and there is no rea- 
son to suppose that they would opjmse eacli other in man, e.s(K»cialIy if 
given by the mouth, a.s sa[K>toxin is absorlaxl only with gn*at difficulty, 

Dulcamara has been used to a limited extent as a S(.'dati vc and hyj)- 
notic and also a.s a diuretic and diaphoretic and in .some skin dim^aseM. 
It does not seem t«> possess any proj>erties which would render it of 
value in medicine, and might well Ijc di.s|>ensed with. 

Another series of txxlics resembling the saponin series in their eflTects arc 
known as Solvines, Oieites, Polysolve, etc., and ar« derived from oleic and 
other similar achLs by the action of sulphuric acid. The known is that 
formed from ricinoleic acid. According to Kiwull, solvines have the same 
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destructive action as sapotoxin. They have been used in medicine to form 
emulsions, but th(ur use here is to be deprecated on the same grounds as that 
of quillaja. 
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Perh'H, Ibid., xxvi., p. 88. 
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XXI. ASPIDOSPERMA, OR QUEBRACHO. 

Tb<^ bark of (iucbni<*,ho bianco (Aspidosperma quebracho) contains a num- 
ber of ailkaloid.s Avbi(;b arc probably very .similar in chemical comi>o.sition and 
which Htunn to possess almost the .same action. 'I'lnw are Anpithspermine^ 
AnpUlmpermatme^ Anpidommine, Jlypoiptebracliinr^ Quthvavhhie mid (piabrachm 
mhir. Another .sjiecb^s of Aspiibmpenna, Payta, contains two alkaloids, Pay- 
tinv and PayUmhiv^ tif which Pay tine rc.semhles closely the (iiiehracho alka- 
loids in its pharma(*ologieal action. 

'riicse alkaloids all prodtu^e nau.sea htii even after large doses vomiting 
does not occur except after Aspid<»sainiiie. The nausea is aecom])anied hy 
the usual eone,omitaiit symptoms —salivation, increased .secretion of mucus 
in the respiratory tract, depression and alteriiattdy rapi<l and sli>w pulse. 
Large quantities oftem eauise symptoms of central nervous stimulation, tonic 
eontra(d.ions and convulsions. The respiration is (juieker and deeper after 
smalt ({iiantities, hut aifter hdJial doses becomes .slow and weak, iuid Jinally 
<*(Mises. Periodic, respiration often occurs before the linal stand.still, a series 
of deep dyspiueic inovernents ailtm*nating with several slnvilow, insuflicient 
ones, q'he fjiilure of the respiration is the cause of death in nuimmals, the 
Iicart (umtinuing to contract for some time longer. After Aspidostimine, 
there is no stag(^ of <|uiek and deep resj)irations, hut the breathing is rendered 
slow at once amd soon becomes periodic. 

Thes(» .symptoms are gemu’ully ascribed to a direct action on the ceiftral 
nervaais system, which is first .stimulated and then depressed. The chief 
seait of. action .seems t<» he t lie medullary centres and the spinal cord, although 
the basal gainglia may also he more or le.ss involved. The stimulation of the 
mediillatry centres explains the nausea and vomiting and also the changes in 
the re.spiration, while the convulsions and increased reflex excitability point 
to the spinal t^ird. 

The tcrmiimtion.s of the motor nerves in voluntary muscles are paralyzed 
by a.spido.samino and quebrachine in the frog, not by "the other alkaloids ; but 
all of them lessen the strength of mustrular tissue and eventually pamlyze it 
in tlu3se animals. Neither of these results has been observed to follow the 
injection of the alkaloids in mammals. 

The circulation in mamiiials is atfecUMl indirectly through the nausea, and 
the heart may be sIowimI by very large dt»8<^. Wo<»d states that even moderate 
quantities reduce the blood- prtsssu re in the dog. 

Hloy and linehard oh.'*erved diarrheea and an increased secretion of urine 
ooeasitmally follow the administration of the alkaloids, and they also describe 
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a curious coloration of the blood which they ascribe to a diminution of the 
hseinoglobin. Penzoldt attributed the asphyxia to cliunges in the red cells, 
but the subject of the action of tliese alkaloids on the blood rctiuires Ihrther 
investigation. 

None of the quebracho alkaloids is very poisonous, but of the series que- 
l)riichine is the most toxic, and aspidosamine and aspidospermatine follow ii 
closely. Aspidosperniine, quebrachamiiio and liypoquebmcliaiiiine are coin- 
])aratively weak. 

Commercial “aspidosperniine'* is a mixture of all the alkaloids along 
with other Imdies. It is sometimes prescribed in doses of 1-2 mgs. (aV-sV gr.). 

Aspido.sperma was advised by Peiizoldt in the treatment of dyspneea from 
a variety of causes, and his statements have received a certain amount of 
support from clinicians. The special conditions in which it has been advised 
are dyspnoea from pulmonary disease, especially emphysema, ami from car- 
diac weakness and asthma. It^ action on the respiratory centre may ex- 
plain to some extent the benefits derived from it, but the incretused secretion 
of the bronchi produced by the nausea may also be of some importiiiic^e. 

It has also been employed as an antijiyri^tic, and has been shown by Kloy 
and Huchard to lower the temperature in animals. 

Biiujoguapity. 

ITarmick u, JJqffinan. Zeitsclir. f. klia. Mini., viii., p. 471. 

Bloy u. Huchard, Arch, do l^hys. [8], vii., ISStl, p. 23<i. 

(iutmann. Arch. f. exp. Path. u. I'hariu., xiv,, p. 451. 

IFooti. Univ. f)f Peniisylvaina Med. Hull, Sept., 1903. 

XXII. QUININE. 

The barks of various species of Cinchona and lleniijia (Onpreii) con- 
tain numerous alkaloids which seem to resemble each other clos(»ly in 
their choiiiicul and pharmacological pr()perti(\s. The b(»st known of 
tlie.se are Qainiue, Qidnldim*y or (hntpdnhie, CimhmUiv. and (TimdiouU 
(fine ; the others, amonnting to some twenty in niunber, ar<‘ believtMl 
to resemble these in their <;fl(?cds <>n the organism, Imt very little has 
been done to determine this, and nothing i.s known regarding their 
relative activity. 

'Die cinchona alkaloids are derivatives of ^|nillo]in(^ ( 'itichoniiie 
an<l einchonidine are isomeric and perhaps eontaiii two 

ijninoline molecules, while quinine and ijniiiidine 
methoxyl compounds of cinchonine.* 

Cinchona bark contains besides these alkaloids several aeid.s, includ- 
ing tannins, and some neutral substances. 

The cinchonas arc natives of Western Scuitli Am<;rica, but are now 
cultivated in India and Java. It seems questionable wlielln;r tin* vir- 
tues of the bark were known by the native Indians before the invasion 
of the Spani.sh, and its introduction into medicine <lates from about 
IfjJO— 1()40 ; its name bears testimony t<i its eflicairy in the cxise of the 
Countess of Cliinclion in 1C-J8. 

^ The other alkaloidK of this flcrien which havelwcn identified fin"! IioirnK'imdionidinc, 
conquiimniiiic, qiiinamine, niscoiiine, concMwroninc, aricine, ciiw.'onldine, ciwrumiiie, 
cii^midiiic, hydnspiininc, liydroquinidine, hydondnchoiiiiui, cjmlionaiiiinc, ipiaine 
mine, conquairamine, qnairamidine and conqu.'iirarnidjnc, while Mjvcral othem are 
Slid to have Ijecn siqiarated by wnue aulhoriticH, but are rcjcetci^l by others. The acid« 
Kencmlly acknowletlj^ed to l>e present in cinchona arc qiiliiic, qiiiiiovic, qiiinotiinnic, 
tjoinovatannic, c^fleoCinnic and oxalic., while the iicnitral bitU‘r sulwlances have Uicn 
nainetl qninovin, quiiiova-red and cincbutia-Fed. 
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Action. — Ciuinine diffens from most of the other important alkaloids 
in acting not on some specialized form of living matter, but on the gen- 
eral nutrition of almost all forms of protoplasm. Other alkaloids, such 
as strychnine, are also possessed of similar effects as regards nutrition, 
l)ut their strong affinity for, and intense action on some special tissue, 
prevent tlieir effects on the fundamental properties of living matter 
irorn being elicited in the higher animals. Quinine is therefore often 
termed a protoplasm poison because its action extends with but little 
variation throughout most forms of living matter; on the other hand 
the marked effect of strychnine on the nerve cell causes it to be classed 
anujng nerve poisons, although in organisms devoid of a nervous sys- 
tem it resembles (piiniuc in its effects. The effects of quinine on pro- 
toplasm generally consist in transitory augmentation of its activity, 
followed by depression and death. 

The action of ((uinirie on Undifferentiated Protoplasm, such as is 
found in the unicellular organisms and in the ovum, is therefore ot 
greaUjr interest than that of most alkaloids. Binz found that while 
very minute <juantities sometimes increase the movements of the amoeba 
and infusoria at first, large amounts paralyze them immediately, and 
the protoplasm assumes a darker gramdara|>poarance. The rhythmic 
movements of ciliated organisms are rendered slow and finally arrested 
by very dilute solutions. The microbes of j)ut ref action arc also acted 
upon by quinine, althougli they seem more resistant than the protozoa ; 
still, quinine S(»liitions liave consid<‘rahle antiseptic power, equalling 
that of carbolic, acid, according to some observers. The alcoholic, 
lactic and butyric fermentatiiais are retarded, or entirely prevented 
by quinine through its effects on the organisms, but it is ai)parently 
devoid of action on some of tlu^ lower forms, for moulds (Penieilliurn) 
grow freely in solutions of the salts ; so that the alkaloid seems to have 
a sideetive action here, such as is observed also in its effects on the 
ferments of the higher animals. Another example of its action on the 
vegetable cell is that discovered by. Darwin in some insectivorous 
plants (Drosera), in which the movements seem to be first excited and 
later paralyzed by the quinine salts. 

The inflneiiee of (jninine on the reproductiv^e cells of animals lias 
been carefully studied by (). and H, Hertwig, who found that lM)th the 
spermatozoon and the ovum of the sea-urchin are injured by the addi- 
tion of c|niniiie to the sea-water, the movements of the former being 
paralyzed, and the stages preceding impregnation in the latter progress- 
ing more slowly, or actually retroceding. When quinine is applied 
after tlie male miclcns has entered the ovum, the complete conjugation 
is delayed and the whole process is rendered abnormal by the admis- 
sion of several spermatozoa. Quinine applied still later prevents or 
delays the division of the ovum through its effects lioth on the nucleus 
and on the gene ml protoplasm of the cell. 

The individual iylls of more? complex organisms are affected in the 
sjime way m these inom simple ones. This was fimt demonstratc^l in 
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the leucocytes by Binz, and aiW some opposition has l)oen gtmendly 
accepted. When a drop of bUxul is examined under the mieroseope, 
the white cells are observed undergoing constant changes of form and 
position exactly similar to those of tlie anneba, but inimite i|uantitles 
of a (|ninine salt are sufficient to stop all movements at ont‘e, a»ul the 
l(Micocytes assume a spherical form, become darker in color and gran- 
ular, and soon break up into d6bris. In the blood vessels similar 
changes occur when quinine is applied locally, as to the frog^s mcsiai- 
tery; the leucocytes agjtin become darkly granular, and ceasing their 
creeping movements, are carried along by the current much more rap- 
idly than usual They are no longer observed to push their way through 
the vessel walls, and if they have already pcnetrattHl into the tissiM\s 
their movements are arrested. If irritation be ai>pli(Hl to the part, no 
su(?h accumulation of leucocytes occurs in the tissues us in the unpoi- 
soiukI animal, and if an irritant has been a[>plieil first and the haieo- 
cytes liave poured out of the vessels bcfiire the (juinim^ is applied, the 
process is arrested at once on its application. ThiscHect was (explained 
hy liinz as due to the poison acting on tlie Icncocvtcs, ami although 
attempts have been made to explain it by sonu* change produtrd on 
the vessel wall by the drug, there now seems no reason to tpieslion the 
correctnoss of his view. Similar rcjsults an* observed when tin? drug 
is not applied locally, but carried to the part by the v<‘ssels; tlie move- 
ments of the leucocytes in the vessels are less distinct ; th(‘y are carricil 
along passively in tlie general <mrrent, assiinu* a spheri<j;il form, and 
hav(* mu(?h less tendency to escape into the general tissues, and at the? 
sanu* time the number of the leueocytes in the lilood umlergo(*s a con- 
siderable dirninulion. it would be unjnstiliable to infer from tla^se 
experiments that the tlierajieutic dose of quinine inhiliits tlie inove- 
rueiits of the white blood cells in the human hoily, and it is m^jiartof 
Binz’s theory that this occurs. The effect of (luininc on tlu* lencooyies 
is merely an example of its eff(?cts on the tissues gcaierally. At the* 
same time, the number of leucocytes in the human biofsl is diminished 
by ordinary quantities of quinine, showing that the act ion on the frog’s 
ieuc.(K*ytc.s extemls also to those of man, even wlum the quinine is ub- 
Kirbed from the stomach and intestine. 

Other evidence of the action of quinine is gained from prfMX'Sses 
which may bf* regarded as due to Unorganized Ferments. 

Tims the oxidizing action of drawn blxid was shown to be tlimin- 
islicd in several ex|ieriineiits jicrforincd liy Binz. Iinm4*diately after 
its issue from the vessels the unpoisoned blo^xl underg4)es a dimiimtion 
of its alkalinity, from tlie oxidation of some nnkiiowii substances at 
the ex|)cnsc of the oxybtcmoglobin, which is jrartially reduced. 1'his 
acid fermentation is prevcntel by the addition of quinine to thcbhsid. 
Kven when pieces of tissues ar (3 added and the reduction of tln^ arterial 
blofKl would ordinarily be much acc<dcnit<>4l, quinine prevents or retards 
the change. A similar inhibition of the oxidizing action of tlie likaid 
is shown by its failure to form the blue oxidation prodiutt of giiaiac, 
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or k) decolorize indigo when it is applied to it along with quinine.' 
Or instead of blood a slice of potato or a watery extract ot a liv- 
ing plant may be used. From these experiments the inference is 
drawn that quinine hinders the action of the oxidizing ferment of the 
blood and tissues. On the other hand, Jacquet found that it had little 
or no effect on the oxidation of substances passed through the vessels 
of excised organs. Another ferment action which is said to be retarded 
by the presence of quinin(i is the coagulation of the blood. The gastric 
and pancreatic ferments are also said to be rendered less active by the 
addition of quinine in artificial digestion experiments (Rossbach), 
while th(j ptyalin of the saliva, emnlsin and diastase are unaffected 
(Binz). 

These experiments indicate that quinine hinders some, if not all, of 
the i)ro(;esscs which normally occur in living matter, and which are 
expressed in movement and in various chemical products; they indi- 
cate in addition that this action is not confined to the intact protoplasm, 
but extends to some of the feriiHaits. When very minute quantities 
of the drug are applied, the stage of depression is sometimes preceded 
by one of augrnentf^d activity. Rossbach found that quinine and 
several other alkaloids exercise some influence on solutions of the 
protei<ls, wliicJi coagulate at a lower temperature than usual, but it is 
impossible to determine at |)resent whether this fact is connected with 
their effects on living tissue or is merely a coincidence. 

Among the Vertebrates, also, small (juantities of quinine give rise 
to disturbances of the nutrition, but before discussing these, it may 
be well to indicate the symptoms induced by poisonous doses. 

In the frog, a sliort stage*, of increased reflex excitability is followed by 
the loss of s|)ontan(u)ns luoveinents, the arrest of resi>iration and paralysis 
of tlie spinal (?ord. In inanitnals, the spinal cord is said to be stimulated by 
small <iuaiitities and then to he dcpress(*d. The respiration is sometimes 
accelerated in tin*, beginning, but is afterwards weakened, and its failure is 
the clause of death. General depression andnuiseular weakness are usually 
the only ec*rehral (^tlects noted, and the tremor and convulsions said to occur 
iu some iiistaiiccH may be due to the use of impure quinine. The heart is 
often accelerated at first, but is afterwards slow and weak, while the blood- 
pressure, after a slight increase, declines jirtigressively. AecMjrding to »San- 
tesson, quinine given by the stoiiiaeh has comjwiratively little ellect on the 
heart and blood-pressure in mammals. These symidoms point to a prelimi- 
nary stage of stimulation, f<»llowed by depression of the Central Nervous 
System and heart in the vertebrates, eorrespouding to the two stages ob- 
served in the sinqilor organisms. They are only elicited by very large 
(|nantities of the drug and Jiave perhaps received greater attention than they 
merit at the hands of experimental phariujicologists. The depression of the 
reflexes of the frog was at one time attributed to a stimulation of the in- 
hibitory eeiitrt'S of Hetsehenow, and this was supported by the fact that it 
could be removed at lir.st b\ division of the medulla oblongata. It seems 

n'he. wellrknown gnaiac experiment is performed as follows: A fresh solution of 
guaiac resin in alcohol, to which some peroxide of hydrogen has been added, is 
divided into two parts. To the one a minute ijiiantity of qtniiine is added, and one or 
two drops of UKhkI then allowed to flow into each part. The one containing the 
quinine remains uneolbred, while the other a^iimes a blue tint from the oxidation of 
uie guniac by the nnptusoued blcKxl. 
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more probable, however, that the local irritation of the acid salts usually 
inject^ caused the temporary depression indirectly, and that the atrtion on 
the central nervous system consists in a transient stiniulatiou followed by 
lasting depression. The stjiteiueut that the depression is due to the weak- 
ness of the heart seems incorrt?et. 

The changes in the Circulation in mammals are eaused by a preliminary 
contraction of the arterioles and acceleration of the heart , f<)llowetl by dila- 
tion of the former and slowing and weakening of the latter. In both esises 
the action i.s probably a direct one on the muscle of tlie arterioles and heart, 
although some investigiitoi*s consider the aceeleration due depression of 
the inhibitory mechanism in the heart or in the medulla (»hlon‘ga(u. The 
ellects of quinine on tlie isolated frog’s heart have been studied earefully by 
Sautesson, who found that the action was entirely muscular and consisted 
in slowing, accompanie<l by marketl decrease in the strength of the c ontrac- 
tioiis. 

In fatal poisoning in maininals the heart is generally very iiuicli weakened 
when the respiration ceases, but continiu^s to heat for soim^ time afterwards. 

Quinine acts upon Muscle in the .same way as upon the siin]»le organisms, 
temporarily increasing its power and subsequently weakening it. Tims 
Sautesson found that the strength of the individual contract ions was in- 
creased, and that a contraction occurred against gr(‘aler rt^sistallce than 
iiorniully, but when the stimulation was repeati^l, fatigne {<et in sooner than 
in the unpoisoiied must'le. Large quantities of quinine throw the miisele 
into rigor, whieh r(‘semblcs that produced by euHe.iin», and is prohal»|,» asso- 
ciated with its action in a (federating the coagulation of myt^sin (hYirth). 

The Nerve Trunks are said to he nniiarkably tolerant to solutions of tpii- 
nine, whieh do not hfssen tluMi* irritahility when applii^d lo(*]i))y in sutlhMcMit 
<iuuntity to cause marked abnormalities in the inusiMiIar eontraetion. .\o 
.snllicient eviden<*e has been brought forward that (ininlne alleets tin* |M*riph- 
cral ends of the motor or sensory nerves. Tin*, number of Leucocytes in the 
blnofl is much iliminishtMl by tiie administration of tjuinine in man and the 
lower mammals, but it is unknown bow this is (dlecied. Tin* statement that 
the normal Spleen mn!crgo(*.s a contraction in si/c ami partial aln)i»hy iilVm* 
quinine, while/ not iinprobablo in itself, is not supported by expcriiiH*nls in 
which ac(!iirate met hods wercf used. 

A slight inerease in the amount (if Urine cxercti-d has been obsn ved some- 
times, Imt does not seem constant. It is attribnt(*d to the aeiion «>r tin* ipii- 
niiie on the renal epith(*Iium, by which it is excreted. Tin* other seeretions 
do not s('em Ut he allcfred by qiiinlmf unless it is appli(*d direetly to the cells 
in large (piaiitity by inj(‘<?tiiig sohition.s into the duet rd’ the gland. The 
statcmicnt is made that the glycogeni(f fniHflion ai' the Iiv(*r is allen*d so tliat 
less sugar than usual is supplied to the blood, and there is some evidence 
that other hepatic functions are less aetive than usual. 

(Tinchonii jireparations and (|uii]ine have the same ;u;tion on the ap)K»- 
tite and digestion in man as the simple bitters and imx vonii(?a. Or- 
dinary thera])eutic doses often pmdiice no very obvious sympUjiiis, tliii 
most frequently observed effect consisting in deniiigemeiit of* lint Sense 
of Hearing, less frequently of that of Sight. Kinging or roaring sounds 
iti the ears, accompanied by slight dtrsifness, are pnsluced by )iio<h*rate 
(piantitics and large do.ses are not jnfrf*qiiei)tly l(>llowed by contphde 
loss of henriug for a time. 0>ntraction of the field of vision is ob- 
served Ic.ss often, but in some cases total blindness lias b^fii prcKluml 
and has lasted lor several days or even weeks, (olor-vision is es- 
lM?cially liable to be rendered imiierftKjt or tcmj>orarily paralyzed by 
quinine ; these disoiders of sight are acc/ 0 m|iauied by a very marked 
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contraction and ev^en obliteration of the retinal vessels and sometimes 
by degenerative changes in the retinal nerve-cells and even by atrophy 
of the optic nerve. It is still undecided whether the vascular changes 
or the nervous degeneration is the primary lesion, but the majority of 
investigators at present favor the view that the constriction of the ves- 
sels is merely an accompaniment of the graver effects on the ganglionic 
structures. The sym{)toms in the ear have generally been regarded as 
the result of congestion and hternorrhages in the tympanum and laby- 
rinth, but Wittmaack has recently shown that this view is founded on 
erroneous observations, and states that degenerative changes occur in 
tlie spiral gfinglion in the cochlea exactly analogous to those described 
in the retina. Ciuinine possesses some irritant action wliich betrays 
its(?lf in dis(jornfort in the stomach and eructation after large and re- 
peated (loses by the month, and by pain and tenderness when it is 
inje(^tcd subcutaneously ; but this drawback is not of so much import- 
ance as in the case of many other drugs. 

Large doses of quinine produce some confusion and depression with 
a sense of liiliuiss and heaviness in the head from their action on the 
Oerebruin, and this is sometimes accompanied by uncertain gait and 
slow pulse. A^cry few cases of fatal poisoning have been satisfactorily 
determined to be due to quinine, although a considerably larger num- 
ber have been attributed h) it. In these cases marked wcakiiess of the 
heart and collapse acjcompanied by loss of sight and hearing, muscular 
weakness, apathy, slow, gasping respiration and finally unconscions- 
ness and total failurci of the respiration were observed. In some cases 
delirium and convulsions have l)een noted, but it may be doubted 
whether the preparation did not contain other members of the cin- 
chona alkaloids. Knonnous doses of quinine su]j)hate have been 
swallowi'd without any serious results. Thus in one case thirty 
grammes (one ounce) produced only some confusion and noises in the 
ears. l*robal>ly only a small quantity of the drug was absorbed, as 
the sulphate, which is gc^nerally used, is exc'cediugly insoluble. 

The extensive use of quinine in therapeutics has demonstrated that 
many j)ersons have curious Idiosyncrasies in regard to it. This is be- 
tray(*d in many ceases by the development of ear symptoms after corn- 
j)ai’atively small dosc's, but in othei’s symptoms arise which do not 
appear in the great majority of |K»oplc even after large doses. The 
cominoiu'st of th(\se are skin eruptions, of which a large variety have 
been described, and which can be distinguished fmm ordinary diseases 
of the skin only by the history or by the dcjtwtion of quinine in the 
urine and otlier ex(;retions. These exanthemata are often accoinpanicHl 
by some rise in temperature, which hsis recyoived more attoutiou than 
it appears to deserve, for it is rare and e,vcii when present is of insig- 
nificant extent. Other less important ofiects, wliich have been occa- 
sionally nototi, are gjistric discomfort and diarrhcBa. In very mre cases 
the administmtion of quinine is followed by fever and haenioglobinuria 
(bhmk water) or i^buminuria ; the jiatients are in almost every case 
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sufferers from old malarial infection, but thoi’e is no question tlmi in 
many cases .the symptoms arise only when quinine is given. 

The action of quinine on the Uterus is the subject of a large number 
of memoirs, but is still quite uncertain. Abortion certainly ocumrs 
occasionally after its use in malaria, while in otlier cases labor pains 
may be induced by quinine. Many physicians use it during lalxir if 
th^ pains cease or if they seem to be too weak to cxjiel the (ihild. But 
opinions differ as to its efficiency, for while some regaid it as the most 
useful of remedies for this pur[>ose, others have found it to fail in the 
great majority of ciises and regard this action as an idiosyncrasy erne 
fined to a small projwrtion of individuals. It is quite impossible to 
state how quinine acts here, but is seems most likely that the uterine 
muscle is affected directly. 

Ill the Alimentary Tract, quinine and the cinchona preparations act 
in the same way as the simple bitters (page oG). CiuiniiH! d<;lays 
proteolysis in experiments in artificial digestion. 

The constant effects of quinine on the Metabolism, which are pro- 
duced by quantities of the drug too small to have any furtlicr action 
except in specially susceptible individuals, arc of much greater interest; 
and importance than the symptoms already mentioned. This alteration 
of the tissue change oecurs throughout the intunmalia, and consists in a 
marked diminution in the destruction of the nitrogenous constituents 
of the tissues. After the administnitioii of (piinine, tlie nitrogen in the 
urine is found at fii*st slightly augmented fora fiov hours, but then un- 
dergoes a diminution of considcralilc extent, dii(‘ to a r(»stricted produc- 
tion of all the nitrogenous constitiKuits of tlie urine, but cspioially of the 
urea and uric acid. The phosphates and sulpliates undergo a corre- 
sjioialing alteration, lait all metabolic changes arc imt an’ected, for 
the carbonic acid exhaled and the oxygen absorbed by the lungs pre- 
sent no inarked alteratirm in anioniit, h»» that the oxidation of llu»lissnw 
(*aiJiiot be said to be altere^l, but only tlie bn^aking down of tin* nitroge- 
nous bodies. This absence of effect on the oxi<Iation of tin? boily is not 
what might have been expected from the experiiiuMits of Biiiz aial 
others on the .simpler tissues, for these showed that oxalat ion of all kinds 
was retardcul by quinine. On the other hand, it (^c>rrespon<ls with Jae- 
quet’s experiments on the oxidizing ferment of tin? tis.Kn(‘.s, and has been 
attested by too many ob.s(*rver.s to allow of any dcaibt as to its c^irrect- 
ness. In the <5a.sc of several other drugs the dimiinitiou of the urea is 
compen.satcfl for by the increase in the other nitrogenous Uidies in 
the urine, but the fall in the total excretion of nitrogtfii after (juiriine 
points to an alteration of the mefalxilism of the bcwly in general, and 
not to the jiaralysi.s or destruction of the organs which change th«' 
first pnxlucts of the nitrogenous metabolism to the simpler forins in 
whicli they are finally excreted. The oxygvn absorlxMl and tlie car- 
Ixniic acid excreted by the tissues are gen<‘raily held to measure the 
amount of work done and heat forimxl by the niuscuJar and other 
movements of the bu<ly, and quinine therefore does mi seem to affect 
these functions, Avliile it would ap|H?ar that si?me other prow'sw^s, j>er- 
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haps the death, growth and repair of the tissues, are less active than 
normally. At any rate the nitrogenous food is not dissipated so rap- 
idly, but is stored up in the body in some unknown form, for v. Noorden 
found that under constant diet the nitrogen excretion diminished under 
quinine and this diminution continued for two days after the treat- 
ment was stopped. The nitrogen absorbed from the alimentary canal 
remained unchanged, and a certain amount of })roteid food must there- 
fore have be<m added to the body and saved from the decomposition 
wdiich it would have undergone in ordinary circumstances. 

The influence of quinine on the metabolism is closely connected 
with its effectH on tlie body Temperature. It was early observed that 
Ix^sides its specific effects in malaria, quinine often depressed the tem- 
perature and improved the condition in a number of other fevers. This 
was long supposed to be due to some action that it exercised on the 
central nervous system, but when the nervous theory of fever fell into 
disrepute, this explanation also came to be looked upon with suspicion, 
an<l was finally disposed of by the ex|)crimcnts of ]iinz and others, who 
showed that quinine lowered the fever temperature after division of 
the s|)lnal cord. Jfinz therefore attributed the antipyretic effects of 
quinine to its direct action on the tissues, and this explanation is gen- 
erally hold to bo correct. It is to be remarked that while there is no 
question as to the re<luction of the temperature effected by quinine in 
many cases of fever, it has little effect upon the normal temperature. 
In some cases a slight fall in the thermometer is observed, but it is 
never very considerable, and often no results follow its administration, 
or a rise of ().1~0.2° C. may occur. 

(jottlieb found that the fever temperature produced in rabbits by 
injury of the region of the corpus striatum was reduced by quinine, and 
that the regulation of the heat production according to the temperature 
of the surrounding air was not impaired by it. Thus, when the tem- 
perature of the cage was kept at about 3()-;i2° C., and animals poisoned 
with morphine and some other drugs had fever temperature, the rab- 
bit to which (juinine had been administered, showed little change from 
the normal. From this he infers that the heat-i’cgulating mechanism 
of the brain is not afiected by quinine, and that the reduction of tem- 
perature, when it occurs at all, is due to altonition in the metabolism. 
In a later research the same author found by calorimetric experiments 
that the warmth production >vas lessened by quinine, both in normal 
animals aiul in thosr* in which fever had been induced by injury of the 
cor|uis striatum. This lessencil production was acconqmnied in Gott- 
lieb\s experiments by a fall in the output of heat, the regulating appa- 
ratus tending to counterbalance the reductHl formation in the same 
way a.s in normal animals. In other ex{>eriments, however, quinine 
has been found to induce dilatation of the skin vessels and a corre- 
sponding inereiise in the heat loss. In other words, quinine apjKnirs to 
lessen the heat formation *tl)rough its action on the tissues, and this is 
sometimes compensated tor by a tlwreasc* in the heat loss, but in 
other instances the regidation fails and the temperature falls from the 
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formation being lessened and the loss remaining uneliauged or even 
being inci*eased. 

This explanation of the antipyretic eflects of quinine is not without 
difficulties, however. For the chief source of heat in the body is the 
oxidation of the carbohydnites, but in healthy animals <juiuine does 
not lessen the amount of carbonic 
acid excrettnl, as it might he ex- 
jicctecl to do if it reduced thdieat 
formation by restricting the com- 
bustion in the tissues. Some 
writers, therefore, hold that tlic 
fall in temperature is really the 
eifect of dilatation of the skin 
vessels and iiuavased heat loss. 

This explanation is not that 
gciu'rally acc(‘pted, howevt*r, and 
while it is n<»t denied that the 
augmeiittHl output of heat may 
in some conditions contribute to 
the fall in temjierature, the anti- 
pyretic ai’tion of quinine is still 
regarded as due for the most part 
to its r(‘tarding tiui metabolism ; 
it has been suggestid that while 
the eombustion in the normal 



tissues is not affected (jumine, 
the jiresence of fev(‘r pois 
throws them into a state of an 
mentt>d activity in whi<‘li they 
are more susccqitible to its sed- 
ative action, and that even in 
th(* normal organism a reduction 
of the temperature might he in- 
duced if stjfficient of the drug 
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other symptoms. In this connection it is of Interest it» rrin(*mh<T that 
in fever the nitrogenous decomposition is much incrcasifl, while (piininc 
has a directly opjfosite effect. The diininutitm in the nitrogenous 
metalK>li.sni may also lead to an inc.reasHl resistance Iwing oncn*d by 
tlie tissues to the cause of the fever, or may lessen the jH»isonous pnn 
ducts circulating in the blood. In adfliiion, the mitaobes of fev«T may 
themselves be renderiid less active by the drug, although this aiitisepiie 
action w'ouhl ap[>ear to be of subordinate iinportaiiw*, as many ol the 
]>athogenic forms have been found to offer great resis.tamjf? to it. 

Quinine has much more effect in reducing tfunixuatiire wlnai it is 


administered in the Ix^ginniug of a natural rernissifin llian when it is 
given during a rise of the thermometer. This jiroperty is shared by 
most antipyretics and will be treated of at greater length under the 
antipyrine series. 



362 ORGANIC DRUGS ACTING AFTER ABSORPTION 

Excretion. — Quinine apj)cars in the urine within a short time (30 
minutes) after its exhibition by the mouthy and about one half of the 
quantity absorbed is excreted within six hours. After this it passes 
out of the body more slowly, and traces may be detected in the urine 
seventy-two hours after its administration. In some fevers the ex- 
cretion is said to be considerably retarded. Kerner found that some 
of the quinine ab.sorbe<l was partially hydrated in the tissues and ex- 
creted as dihydroxyl-qiiinine, but if any such change occurs, it can 
affect only a very small ])roportion of the alkaloid, as over ninety pei 
cent, of that ingested has been recovered unaltered from the urine,^ 

Of the Other Cinchona Alkaloids, quinidine or conquinine resembles quinine 
most closely in its eirc(!ts, wliich arc somewhat weaker, however. Cincho- 
nine, while very similar to (luinidiiie in most points, has some tendency to 
produce convulsions, hut this eifect is much more liable to occur under ciu- 
chonidine which save for its resemblance in other features to quinine, would 
be entitled to be (‘hissed among the convulsive x)oisons. These convulsions 
ar(j of an epihijjtijbi in cliaracter, and are only produced by very large doses, 
but Albertoni (liscovered that even small quantities administered to epilep- 
tics inc.nnised the number of the attacks, lie found that these epileptiform 
sei'/uiH’ts were iioti»rcventcd by the removal of the cerebral cortex in dogs, and 
that the irritability of the motor areas was not altered by cinchonidiue, and 
therefore (;on<!luded that the poison iiroduced these symptoms by acting on 
some lower division of the central nervous axis. It is believed by many, 
however, that (qiiloptic attacks can be elicited only when the cerebral cortex 
is intac.t, and although no results din^ctly opposed to those of Albertoni have 
been recorded, the qu^^stion must still be regarded as an open one. 

In other respci^ts ciiKdioniiie and cinchonidine diller from quinine only in 
the degree ami not in the kind of their action. Cinchonaniine possesses an 
even more marked convulsant action than cinchonidine. 

The cHiHjts of the other alkaloids have not been the subject of much in- 
vestigation, but they seem to dillbr from cpiinine chiefly in their etrects on 
the ccuitral nervous system. These are not entirely absent in quinine itself, 
for, us has been stated already, the reflex irritability is at firet increased and 
then diminished in both frogs and mammals, and in some eases even con- 
vulsions arc stated to have oeenrred in (piinine poisoning, although the.se are 
so rare that the suspicion is aroused that the j)reparation was contaminated 
with cinchonidine or some other alkaloid. 

< 'inchonidine s(»(.>ms the imxst poi.soinnis of the four chief alkaloids, quinine 
following next, and then cinchonine and quinidine. 

PitKPAK.VTIOXS. 

U. S. P. — ^Cinchona, the hark of Cinchona ealisaya and of C. officinalis 
and of hybrids of tliesc and of other .s]K-*eie.s of Cinchona, yielding not less 
than 5 per cent, of total alkaloids and at least 2.5 ])er cent, of quinine. 

Oinchona Rubra, red ciuehumi, the bark of Ciiichoua succiruhru, contain- 
ing at least 5 per cent, of alkaloids. 

Ffnidtwfracfum Chwhomr^ 4 e.e. (Iff. dr.). 

Tinotvra CiNtMioN.i:, 4-15 e.e. (1-4 fl. drs.). 

Tinctura Cin<U!ox. 15 CoMPt>siTA IS the only preparation of red cinchona, 
and contains in addition sertKMitaria and hitter orange peel. 4-15 e.e. (1-4 
ti. drs.). 

These preparations of einehona were formerly much more in vogue than at 
the pn'si.mt day, in which tluw have betui replaced for most purposes by the 

* Further tnvcstij^tioii regarding the fate of quinine in the human tissues is desir- 
able, since Merkel Turn tVaincl tliat Kt?ven-eighths of that administered to dogs is com- 
pletely Qxidi?^ and the renViiioing cighih uiulvi'goes e.xtensive chemical change. 



QUININE. 363 


alkaloids. They are still prescribed alone or together with other renuHlies jis 
stommrhic bitters. 

QU ININA, 

Quinin^k Sulphas, 

%drobZmidiim, I to Ih< iiu-mwwl when 

Qui N IN-® H YDRCK'H LOR I DUM, HPi’essiiry. 

Qiiinium Salicykis (U. S. P.), 

Oleatmn Oulnime (U. S. P.), 

Ferri ef Quinmm Vitms^ 0.8-O.G 0. (5-10 grs.). 

Fern ef Quiniim Citras 0.8-O.G (t. (5-10 gi*s. ). 

Sf/nipus Fern\ Quimim et ^frifchtthuv Phosnliafum, ICiiston’s svrui>, 4 c.e. (I 
fl. (ir.). 

Cimrhonime Suhihm, ) a r i r #o v 

ChMlinw Ju/p/w., \ <*• (^-2“ 

EfUlr Ferri, Quhdmr et Strychuime Fhmphatinn, 4 c.e. (I ft. dr.). 

(t/f/ecrifum Ferri, Qiiinince et Stryeknimv rhoaphntum, I c.v. (15 mins.). 

B. P. — CinchoniB Rubrsd Cortex, red ciinrhona bark, tint dried bark of the 
.stem and branches of Cinctioiia .siieeirubra. It ought to c^ontain 5^0 jku* 
cent, of total alkaloids, of wlihdi one half sliould consist of<[iiiiiine and ciii- 
chonidiiie. 


Kctrdcttm Clnehoiiie Liquidum, 5 per cent, of alkaloids, 5-15 mins. 
TiNotura OiNCJioN-K, 1 p(*r cent, of alkaloids, J -1 It. dr. 

Tinctuua Cinchon^e (Vimposita, containing bitter orange petd, serpen- 
tary and coloring matters, J-l 11. dr. 

Jitfusum Citiehome Acidam, containing aromatic siilpliurio acid, -J-d ll. ox. 
QijlNlN.® llyOllOClILORlDUM, I 

(iuiainw Hydrovhloridam Acidum, [• I -10 grs. 

(iuiNiN.E Sulphas, ) 

Tiactura Quiniiiie^ formed from the liyilroclilorideand flavored with orange, 
i-1 11. dr. 

Tindura Quininse Ammoniala, formed from the sulphale, .j* 1 11. tii\ 
llnir/n Quininte, A-1 11. oz. 

Pilida Quinimv Sulphalift, 2-8 grs. 

SyrupUH Ferri Phosphatis cun (ptinbia ci Sirychnina, lOaston’s syru|i. lOatdi 
11. dr. coiitiiin.s ^ gr. of <}i]inine sulphate and A gr. of .strychnine, i - 1 II, dr, 
Ferri et Quinime CHraa, 5-lf) grs. (See Iron.) 

Quinine is practically in.'^oluble in water ami wtveral of its salts art^ only dis- 
,soIv<m 1 sjmriiigly. Thus, the sulpliate nM|uiri‘.s 8fMf fimos its dwii weight of 
water, the hy<irochl<iratc 85, th(diydrobroiiiat4‘ 54, and the vahTiainile 100. The 
presence of aei<l in e.xcess remlers lIuMii imicli more s<fliibli*, and tin* acid hydro- 
eliloraU^ is <li.ssolv(’d in less than its own weight of wah-r, the l»i.Hulphat.e in 10 
parts. They all form ^Tvshilliiie jaiwders with a very bitter tasti*, and Ibeir 
soliitiiais in wahT liavc a blue lluoreseeiice when siilphurie arid is presi*nf. 'J'he 
acid hydrochloride and tin? bisulphate have an aeid reai’tioii, the otliers are 
neutral. 


The sulphate of ()uiniiie is the «dt generally preseribed, allliougli the hydro- 
chlorate is more soluble and iiiiglit to be pn*ferred. 'flu* bydrobromat4* and vale- 
rianatc are mmparatively schioin uhihL Jnstcjid of tlur acid salts lading jire- 
siTibi^d, .some sulphuric acid or hydrochloric acid may Im.; »>rdcrcd to be addeil hi 
the neutral wilts in order to faciliiah* their solution. 

The .salts of quinine are frequently given in th<* Ibnn of pills, <w'h*'ls, lablets, 
or capsules, wdiich have the advantage of avoiding the hitler taste, but from 
which the alkaloid is imire slowly abwirlxMl than from solutions, f'jire imiMt be 
taken that the pills arc soft and freshly prq>an*d, ;is when kept lor any length 
el time they bc'coine lianl, and in this condition I'reqmiitly pass through the 
bfiwel unabsorbetl. The wdts or the pure alkaloid may given as |>owf)ers, 

or the fofincr in solution, but these are objc*ete<I hi liy many patients on account 
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of the bitter taste. When a rapid absorption is desired, solutions should be 
used, flavored, if necessary, with syrup and volatile oils. Solutions of the salts 
are occasionally injected as eneiiiata, but are liable to set up irritation and be 
rapidly evacuated. The hypodermic method has also been advised in cases of 
emergency, or where the salt (‘annot be retiiined or absorbed from the stomach ; 
for this purpose a solution of the hydrochlorate with hydrochloric acid in excess 
or of the sulphate is injected deeply inh> the muscular tissue. This form of 
medication is painful, but does not seem U* induce more serious results if ordi- 
nary care is used. I'he neutral hydrochlorate may be dissolved in hot water 
and injeettid when the solution reaches body temperature with less pain than is 
elicited by other salts. In this way about two parts of wahir are required to 
dissolve oim of quinine. The addition of urea to the solution renders it less 
irritant. Ciuinine is very easily dissolved in water when it is mixed with anti- 
pyrine in the projmrtion of thrccj parts of quinine to two of antipyrine, and this 
solution is said to be less painlul when it is injt*ctcd hypodermically than others. 
The intravenous injection of quinine has been practist^d ])y Baecelli with success 
in cases of pernicious malaria. Jle us<^s the hyilrochlorate in a solution of com- 
mon salt and injects into one of the veins ol‘ the arm. 

Many other salts of (piinijie have been proposed, and have enjoyed a certsiin 
re})utiition for some time. Among the better known of these is the tannate, 
which is exceedijigly insoluble and almost tasteless, and is j»rescribed in powder 
in doses of l~.‘i G. Other salts which have hvini recommended are the tar- 
train and the lartatn, EnquinhiG is the ethyl-ether of quinine-carbonic acid 
(( X)(O 02 Hg)(OO^„lljj;,N./))) and is wn<l to possess the therapeutic virtues of qui- 
nine witliout its bitter tjisU^ and wdtliout inducing ringing in the ears and other 
symptoms. AriHtonhlne ((X)((l^J Lj^S./))„) ami (^hinapheniitn ((X)(Nii’ 0^11^* OCj- 
are compounds of ({uinine of a similar nature recently intro- 
diK^ed. All three preparations are prescribed in powder or tablets, in the same 
dose as quiiiirn^ 

A famous preparation of <|uinine is theftfre, which has been exten- 

sively used in Imlia in tln^ tr(*atmcnt of malaria. It contained a very large 
number of ingredients, many of which were certainly entirely superfluous. 
Among the nunc impfutant constituents were aloes, rhubarb, gentian, camphor, 
ami various volatile oils ; it is jiossible that some of these may have aided the 
quinine through their eflects on tin*, stomach. Various drugs, such as capsicum 
and ])i))crinc, have long had .some n'piitation as adjuvants in quinine treatment 
for a similar reason. 

The other alkaloids have been used occasionally as substitutes for quinine, 
hut have somewhat less tlicrapcutie cflcct, widlc cinchonidino is more liable to 
prodiUH' symploms of j»oisouing. They might jdl be disj»cnscd with, without 
loss to therapeutics. 

Quhundhin and qiiiiietum were formerly used as substitutes for quinine at a 
time when the price of the latter was very high. They were mixtures of the 
other cinchona alkaloids and have fallen into disuse. 

Therapeutic Uses. — Tlie introduction of cinchona into therapeutics 
was due to the discovery of its efficacy in ague or Malaria, and with 
growing exixn*ienee in tlie disease and its treatment, the confidence in 
the drug, or rather in its chief alkaloid, has constantly increased, until 
the action of quinine in malaria is now quoted as the best example of 
a spooifio in therapeuties. The explanation of its action has only been 
arrived at within the last few years with the discovery of the cause of 
malaria, the plasmodium malarite, altlmugh in 1868 Binz suggested 
that the then unknmvn malarial poison was probably rendered inert by 
quinine. The pltHinodium belongs to the group of protozoa, and in 
one of its st^'s conies to resemble somewhat the amceba, on which 
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fiinz expentneiited. ^ The of quinine i^eeuis siiniltir in the two 
organisms, although it is probjible that the alkaloid acts more stroiiglv 
on the malarial oi^anism in the bhaMl than on the common amteba 
living in water ; another or^nism closclj' related to Unit of malaria 
and found in the blood of birds appears to bo unatfocted by quinine. 
When quinine is administered to a patient suffering from jualaria, the 
organism in the blood breaks up and disappears, lesiving only a few 
more resistant forms ; these, however, may continue to grow and mul- 
tiply until they cause a second attack, unless the treatment be eontiniUHl 
and the surviving organisms, changing into less resistant forms, arc 
destroyed by the^rug. 

In a drop of malarial blood the plasmodia may lx? seen in active 
movement, but a minute drop of quinine sedution jMiralyzes and kills 
tliem, exactly as it kills the anueba. The explanation of* the action of 
<liiinine on malaria lies in its effects as a protoplasmic poison, then'fore, 
which acts more strongly (specifitailly) on the lower forms of life than 
on the higher, and am consccjuently introdiued into the human bmly 
with impunity in doses which are destructive to the 8imj)ler organisms 
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Tomyieraluro chart in a rase t»f malaria in which riuiiiim? (10 ^rairiH) wna adtniniNtDfrod in the fhlrtl 
paroxysm as Ihe ti'm|HTaliirt; w:i?i fall'ijg. On fhi^ following »liiy no rise of iiccurti. 

The tciiijieraturu wiw taken every throe ijoiirs- f Iwk k.) 

wliidi may have inviultd it. ExjHM’ienei- iias shown that ijuiniiie 
is nifist effective when it can act irnm<*<Ji.*ff<*ly after tht? paroxysrim 
of aguc^ and this is now explainf^i by the fact that the organisms are 
in their least resistant form — the aiiuehoid — at this time. If c|iHiiino 
is given at the beginning of an attack, sufficient will remain in the blmKl 
when the temperature begins to fall to fiestroy the unprotecte<l KjK>rcfS 
of the parasite, or the same msult may be obUiined by a df).se given as 
the temperature begins to fall provide<l the drug is rapidly al>sorlMtci, 
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as is ordinarily the case. It may be ordered in one dose of about 1 G. 
(15 grs.), or in divided doses given at intervals during the fall of the 
temperature. This frequently prevents the next attack, but if any rise 
of temperature occurs, a smaller dose should be administered. After 
this a dose of 1 G. should be given every six day.s, in order to com- 
plete the destruction of the organisms which have developed from the 
resistant forms left alive after the first administration. Quinine is 
generally administered by the mouth in malaria, but its intensely bitter 
taste renders this treatment disagreeable, and in children and in cases 
of persistent vomiting it may Imj impossible ; in such circumstances it 
may be given in an enema or suppository, or in children the tasteless 
forms may be employed. Itj recent years good results have been ob- 
taituid by the hyptslermic method, and in the severe form know(||||| 
pernicious malaria, Baceelli found the intravenous injection supelV^ 
to any other irtfethod of administration. A great deal of. weight was 
formerly laid on the use of purgatives and emetics as preliminaries to 
the treatment of malaria with rjuininc, and the former are undoubtedly 
of service sometimes, although it is unnecessary to delay the quinine 
treatment by waiting for the intestines to be evacuated. 

(^uiniuu is used not only as a remedy, but also as a prophylactic 
against malaria. Its value for this purpose has been attested by long 
experiencxj, but there is still no unanimity of opinion as to the best 
method of administration and the dose required. Plehn found that 
one gi’ammo of the sulphate given in one dose every seven days was 
sufficient to prevent tlie disease, which is believed to have an incuba- 
tion period of a weesk, while others recommend doses of 0. 1-0.2 G. 
(2—3 grs.) every morning. 

One of the results of quinine medication in early cases of malaria is 
the reduction of the enlarged spleen, and this has led to its pse in 
other Diseases of the Spleen with enlargement. In malaria the effect 
on the spleen is only sw^tmlarv to the removal of the cause of the dis- 
ease, but the action of quinine in lessening the number of leucocytes 
in the blood might explain some alteration in the spleen. In some 
mses <»f leudBinic enlargement encouraging results have been obtained 
from the continued use of «]uinine. 

Various other Pebrile Conditions have been treated with quinine, 
partly for the sake of its autipyi-etic effects and partly in the belief 
that it acts as an antiseptic in the blood. As regards its effect on the 
temperature in non-inalarial fever, it not infrequently causes a con- 
sidei-able fiill, and has the advantage of iwsscssing a more prolonged 
action and of causing less risk of depression and collapse than thclicwer 
antipyretics. Gn the other hand, the fever is not reduced so rapidly 
and generally not to the same extent ns by the latter, and the large 
quantities of quinine required arc liable to cause discomfort from their 
effects on the brain and hearing. Typhoid fever, scarlatina and other 
acute pyrexias are sometimes treated with quinine for this effect. The 
host results are obtiinod when it is exhibited in maximal doses when 
thp tenqieratijre is falling or when it has l)een temporarily reduced by 
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other meiuis, such as cold baths. Perhaps, however, the beiu^fieial ae- 
tion of quinine in those cases ought to be measured not so much bv 
the reduction of the body temperature as by the lessened <lo.strueiioii 
of ttte tissues. It would be interesting to know wliether in thos(* 
cases in which quinine treatment is successful, the nitrogen of the urine 
is diminished in proportion to, or in excess of tlie fall of the tempera- 
ture. In general, antipyrine and its allies have succeeded in ousting 
quinine from its former position as the best of the antipyretics. Tlie 
use of quinine has been rwommended in septieiemia, largely from a 
belieHn its antiseptic action in the blood. In this connection it is to 
be remarked that the microbes of septic fever are very rnucli more 
resistant to the action of quinine outside the body tlian are the pro- 
tozoa, and the question theridbre arisc^s whether tlu‘ blood and tissues 
are not liable to be seriously injured by the quantity of (piinine re- 
quired to act on the pamsites they contain. In many e.as(fs of septi- 
emmia in which beneficial results ai^e said to have been t)l)taiue(l by the 
use of quinine, the quantity administered was obviously ti»o small to 
have any effect either on the temperature or on the mierol>(*s. ? 

Quinine has been used in various forms of Neuralgia and Headache, 
especially when they were periodic in their appearance, and got/d re-^ 
suits have been obtained in these eases and also in others when* no 
periodicity could be observed. Many of these* were certainly not (jf 
malarial origin, and no explanation of the action of cpiinine iu'n* has 
been proposed. Perhaps the lessened formation of urier af*i<l ami other 
|K)isoiions products may be suggesteel a.s a possible cause of the im- 
provement. 

The tinctures of cinchona are often preserib(»(l as stomachic bitters 
and for tliis purpose are generally forlified by preparations of mix 
vomica or of tlie simple bitters. 

Ciuinine lias been advised in wliooping-eongh, hay f(‘ver and in- 
fluenza, and in fact is regarded by many as a specific in these disea?i<*H, 
though others have found it unreliable. It is often difficult tfi indne<» 
a child to take the bitter salts, and refMMirst* may be had to the alka- 
loid itself, euqiiinine, or the taniiate disguised with sugar or elnntolate. 
The use of a solution as a wash for the iios<* in hay fi*ver was brought 
into promiiieiKH^ by Helmholtz, who gained relief in <liis way, lint 
it has not jiroved very efficacions. The local use of quiniia* solu- 
tions and of cinchona preparations is also a<l vised in relaxed throat 
(gargle) and in goiiorrh(ra (urethral inje<‘lion): It has soiriptiijics 
been used as an antiseptic externally, but is too expirnsive for onli- 
nary use. 

Quinine has l>een adviswl as an ecbolic to incn*ase tlie cxiiitractions 
of the uterus during lalxir. This was suggested by tin* observation 
that in malarial regions, abortion ocr^skuially (Kxmrred afteir quinine, 
but many regard this as one of the rarer idiosyncrasiirs rather than as 
a fact upon which the therapeutic use of the drug is to be liased. At 
the same time others report the most satisfac^iiry results from the 
treiitmeiJt of uU'rine inertia with one-gramme doses of quinine, aixl pre- 
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fer it to ergot in this condition. The movements of the uterus induced 
are said to i)e practically identical with those occurring naturally. 

Contraindications. — Where a special idiosyncrasy exists, quinine may 
be unsuitable, but these cases are far rarer than is generally believed. 
A moderate action on the hearing, for example, is not to be considered 
a contraindication, although in those ciises a small dose is often found 
sulKcient in malaria. Where an inflammatory condition of the mem- 
branes of the ear already exists, quinine ought to be administered with 
care, or avoided entirely if possible. The addition of bromides is 
often found to lessen or remove the discomfort arising from the dis- 
ordered h<*aring, but the quantity of bromide contained in the hydro- 
bromate of quinine is insufficient to effect this, and the ordinary potas- 
sium salt ought therefore to be prescribed. Where very marked 
disturbance of the digestion exists, quinine is often liable to augment it, 
owing to its irritant jiroperties, and must therefore be given with cau- 
tion by the mo!ith, or perhaps, is better applied hypodermically. 
Iljernoglobiiuiria following the administration of quinine, of course, 
con trail id i(^ates its turth(;r use. Abortion so seldom occurs after qui- 
nine that pregnancy is no objection to its administration. In general, 
it may b(‘ stated that (juiuine is often credited with many disadvan- 
tages wlii<?h it (lo(‘s not possess, and that in cases of malaria, in which 
it is practically without a rival or substitute, only the most pronounced 
idiosyncrasy <?an justily withholding it. In other cases, as in sej)tic 
lever, it may lie a question whether it does not aggravate the condition 
wlieii it is a<lminist(‘red to very weak patients. 

lilHiaCKiRAPlIY. 

Hinz. Ai'ch. f. miknKs. Anat., iii,, .‘tsa, Vin'Iiow’a Arch., xlvi., p. C)7 ; li., p. 0. 
Expcriiiicntcllo Uiitcivucli. uebor <la.H Wc.sen dur Uhiiiinwirkung, Berlin, 18()8. Arch, 
f. exp. l*uth. u. Uharin., i., [», 18; v.. p. oil; vii., p. 270. 

ll'7/(/. Brit. Mcil. .louru., 1S87, ii., p, Obu. 

Bhila. Med. 'rimes., x., p, 4Ut’>. 

Wimt, Thcinp. i.hizcttc, dan., UH)2. (Skin Kruptuuis.) 

Wittmuwk', l*lhi‘,a*r’s .Vreh., xcv., pp. 20i), 2:M. 

Jlnunnaiin, Thera p. Miinatshcri., 1888, p, 7. 

Apprrf, V^irchow’s Arch., Ixxi., p. .’>01. 

(iuttlu'b, Aivh. f. exp. l*ath, u. I’itariii., xxvi., p. 411); xxviii., p. 167. 

llet'iwiij. Jena, /tschr. F. Metl, u. Nalurwiss., xx., pp. 120 and 477. 

Mtrkd, Arch. f. exp. Balh. u. Bharm., xlvii., p. 165. 

Santrmm. Arcli. I*, exp. Path. ii. Phariii., xxx., pp. 411 and 448; xxxii., p. .321 
Skand. Arch, f. Phy.sioIoj;ie, vii., p. 385. 

irr/x’r. Kr^ehnisse der IMiysielojrit.j iii. p, 262. (MetahulLsin.) 

Lovwt. Ibid., iii., I, p. 3(i0. ^Teiiii»enaure.) 

r, Xoonien V. Znnis, .Vreh. f. .Vnat. n. Phys,, 1804, p. 20.3. 

Talma a. p, </. IPcv/r/f. /tsehr, f. kliii. Med., ix., p. 276. 

Atlmriotn. Aivh. f. exp, l^ith. u. Pharin., xv., p. 248. 

Schumacher. Arh. a. d. phann. In.sr. zu Doi'ikU, x., p. 1. 

Seed liorhr/ontainc. (Vimptes rendiis, xevi., pp. 266 and 503; c., p. 644. 

JMirJ'ofttainc. Areli. ile Phys., 187.3, p. 380. 

RuseUtch, Phuriiiakol. Unteisueh., i., p, 145. 

Grethe. Deutseh. .Vreh. f. kliii. Med., Ivi., p, 180. 

M(im(ffiauo. Zlsohr. f. kliii. Med., xiv., p. ,300; xvii., p. 291. 

Lieiicit amt St'rMimfcr. Areh. f. exp. Path. n. Phariu., xliii., pp. 151. 168. 

Ilctihum. Skandiii Areh. f. i*hysiol., ix., p. .*>3. 

Piiht, Arvh. f, exp. I*nlh. n. Pfiarm., xli., p. 111. 

jx iwa7 « eej 



ACETAlf^lLWE AND ANTIPYRINE SERIES. 369 

De Sehweinitz. Anier. Jour, of the Med. Sclen., oxiv., p. 282. 

Ctivazzani, Arch. Ital. de Biol., xxxii., p. 350. 

EUram, Arch, internal, de Pharnmcodyn., ix., p. 280. (Cinchonamine.) 

Birch-Uirschfeld. Arch. f. Ophthalmol., lii., p. 358. 

Hard Hdden. Arch, of Ophthal. and Otology, Nov., 1898. 

xxxn. THE ANTIPYRETICS, (ACETANILIDE AND 
ANTIP7RINE SERIES.) 

The antipyretics are a very recent addition to therapeutics, the old- 
est of this group now in use dating only from 1884. Up to 1875 the 
only means of combating high temperature were baths, vegt'table alka- 
loids such as quinine and aconitine, or alcoholic preparations, but in 
that year Buss discovered that salicylic acid produced a fall in the fever 
temperature, and .soon afterward carbolic acid and rcsorcan and its 
is(»mers were introduced as antipyretic.s. A very large niunl>er of 
antipyretics have been introduced since that time, but most of llicm 
have had only a teinponiry vogue, and those in general use at the 
pres(‘nt time are com])aiutively liinite<l in number. 

(|uiiiiiK^ is a <juinoiiiK‘ doriYjitivr, and <|tiiiiolinc itself, as wril as soiii ' of its 
.sinijiliT conn)Ounds, were aniong the earlier antipyretics suggesiril. (^ninoHne 
((;ILN) WHS .soon found to be dangerous fnan its prodtteing collapse, but its 
derivatives Kairine (O^Hy(()ll jN ^ AoZ/Wo/r and 

Thallme (Cyny(()Oll 3 }N JI) were used extensively, alt bough they bavi» now be<‘H 
alfiiost entirely abandoned. In faet the only (piinoline btslies now used as 
aiuij>y reties are Anahjen and Tlu‘rm{fHtjhi*\ whieb are still prescrribi'd to a lim- 
ited extent, 

A new antipyretic was introduced in 1884 under tin • name of Antipyrinc, 
which is derived from pbenylhydrazine, ami lias proveil superior h» all of llie 
earlier drugs. J^hrut/f hydrazine — Nil — NHj,) [irodin'es a fall in the 

fever temperature, but lliis is Irefjm iitly aceoinjianiial by eolla|>se ami ebaiiges 
in tile bh)o<l, which prevents its use in inedieine. Several of the sitiijdiT et>m- 
jiouiuls, such as Pyrodiue (aeetylphenylhydrazine) and Atdifhermine (pbeiiyl- 
hydrazine and hevuiinie acid), have received a more or less extensive trial as 
antipyretics, hut have proved dangerous and inferior to Aidiiiyriia\ pjieiiyj- 

dimethylpyrazolon, — N 'riiejatteris still very 

largely used ns an antipyretic, either in its <»rigiiial f«>nn or as a coiistitueiit 
of luiinerouH comhination.s whieh have been iiitrodm’cd of latt* years. Among 
these may he imaitioned iiempyrine (resorcin and untipyrino), Hypnal (<*liloral 
ami antipyrine), Sn/ijryrine fsaiieylic acid ami anlipyrine). 

Aiitipyriiie early found a rival in Antifebrine or Acetanilide, wliieli was 
advi.sed as an aniipyretii; in 1880 by Calm and ifepp. AniHnr (< ’„lJ;,N‘ILt, 
fnnn which it is derived, has also some aetiem ofi llie teinperaiiire, hut like 
idn'iiylhvdrazine produces dangerous collap.si* and destrnefion ol the blood 
cells.' Acetanilhle |OH.,N HOOCH,), the first of its derivatives |4» he intro- 
dueed, is not entirely devoid of tliKs poisonous action, and has been Miipplanled 
to a considerable extent hv more complex Jiiid le^s poisonous bodies. One of 
thesis ExaUjiue (CV.H,NCl‘l,<X>CH,}, differs frmn antifebrine only in jwiHsessing 
a methyl gr<mp in the side chain, and «?eiiis to rewnnhle it closely in its efleerts. 
Another which enjoyed a short trial is Benznnifith in which 

the acetyl radicle <if antifebrine is rcplaml by be nzoyl, Jl was s*»fin found 
that Ijoth aniline and antifebrine underwent a partial oxidatioji in the b^wiy, 
24 
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with the formation of amidophcnol or its derivatives, and the belief that the 
antipyretic effects were due not so much to the original substance as to these 
oxidation products led to the introduction of numerous derivatives of par- 

amidophenol )* antipyretic properties but suffers 

under the same disadvantages as aniline. Among its derivatives the most sat- 
isfactory antipyretics are those in which the hydrogen of the hydroxyl is sub- 
stituted by an alkyl, while an acid radicle is added to the amido-radiede,. The 

first of its compounds to be introduced was Phenacetine H / 

which differs from antifebriue only in the addition of ethoxyl in the para posi- 
tion. MefJiacetimj whii^Ii resembles phenacetine in all i>oints save in niethoxyl 
being substituted for ethoxyl, appeared about the same time. Phenacetine was 
found to be much hiss daiig(irous than accifeinilide and antipyrine, and has there- 
fore been largely us(id, and lias been followed by other bodies which are identical 
with it, except in the aciid radicle attached* to the nitrogen. Among these 
phenetidines may be mentioned Lactophenitie (lactyl-phenetidiiie), Malakine 
(salicyl-fihenetidine.) and SaUphru and SaJophm, which contain similar constitu- 
ents, ApofijHltie and (yitrop%m ((iitryl-pheiietidirn*), Krijufinf (methylglycollic- 
phenetidine) and Pkehimll fglycocoll-phcnetidinc), with its compound with 
salicylic acid, Saloroll. 

Several iiretinine diirivatives have also received a trial as antipyretics, among 
them being Etfphtn'hiv (plicnylnn^thaiie), which is somewhat jioisonons, liow- 
twer, T/itrmodiuf^ (plicnacctine-urcthaiie) and Neurodine (acetoxyphenyl-ure- 
tlmne). 

With the cxcjeption of antipyrine and the quinoline compounds, all 
the antipyretics at present in use probably oNV(i their activity to the 
fonnatioii of simple derivatives of paramidophcnol in the tissues, 
and differ (diiefly in the rapidity with which this decomposition occurs. 
A rapid formation of paramidophcnol produces destructive blood 
changes and a tendency to collapse, while the antipyretic effects pass 
off very rapidly. Those drugs are found the most satisfactory anti- 
pyretics in which the decomposition proceeds gradually so that the 
temperature falls slowly and remains low for a longer time. The sim- 
pler antipyretics, such as antifebrine, have given way largely therefore 
to the phenetidiuc compounds,^ Among those it is impossible to deter- 
mine the most suitiible antipyretic. The question is a purely clinical 
one, and these drugs are thrown on the market in such profusion at 
the present time that clinical observers are unable to compare their 
effe(Jts satisfactorily, and in many cases seem satisfied to use one ex- 
clusively. Where the ineriU seem so equally divided, it is perhaps more 
important to learn to use one of them with judgment than to hurry 
afUir each new jiroduct without sufficient experience of its predecessor. 

Symptoms. — The most interesting effect of these drugs is the de- 
jiression of the body temperature in fever, and in many other respects 
their action is not very definitely known at present. They are by no 
means very poisonous, normal animals showing no reaction to doses 
which are sufficient to cause marked changes in fever. In the frog, 
Antipyrine causes an increase in the reflex irritability, which sometimes 

» For a detailed disciiJ^sion of these principles see V, Mering^ Tlierap. Monatsh. 
1893, p. 577, ai^ Traipelf Arch. f. exp. Path. ii. Phafm:, xxxiii., p. 21S, 
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leacls to tetaoic convulsions and is followeil by depression, loss of the 
voluntary movements, and eventually by complete }vinilysis and death. 
In mammals, its injection is followed at first by a period of quiet and 
sometimes of somnolence, which is said by some authors to occur also 
ill the frog pi’evious to the increase in the i*eficx irritability. Some 
rise in the reflex irritability may be made out in the mammal at this 
stage, and large doses cause convulsions and tremors, and subsequently 
unconsciousness and collapse, ending in complete paralysis. The pulse 
is accelerated by small doses, while in the later stages of ]H)is<ming it 
may be slow, and some dilatation of the skin vessels and flushing have 
been observed. The respiration is at fii*st accelerated, and then Ixs 
tjomes slow and irri^gular when large doses are injected. In dogs, 
vomiting and dilatation of the pupil generally occur. 

Antifebriue is more poisonous than antipyrine in botli frogs and 
mammals, but resembles it in its general jiroduoing first a more 

or loss marked stage of lessened aetivity, followed by ebnvulsive inovc- 
inents. The respiration is not so imieii aecederated as by antipyrine, 
ami, according to some ohservei's, is slow from the begiuniugof tlie ac/- 
tiou. Tli(? heart is first aee.(‘lerated and then slow and irregular, and 
cyanosis and collapse are more frequently observ(‘d than iimlei anfi- 
pyriiio. Phenacetine and its allies are much less poisonous than the 
two foregoing, but in large qiiuiiiities produe^j almost ideiitieul (‘fleets 
somnoleiu'c foll(»wed by convulsions, cyanosis ami collapse symptcans, 
first rapid, then slow respiration ami heart. Analgen, wlii(‘li may be 
taken as a ty|>e of the quinoline derivatives, acts in a very similar way 
to the others, and is more toxic than jihenaei'tiue, and, ac^eording to 
some writers, than antipyrine. Some depression of tin* spontnm‘oim 
movements ami of the rci-flexes is described as following its adminis- 
tration to mammals, and large doses produce convulsions and (‘yanosis. 
Lactopbenine is said to have a more sedative eflect than the other an- 
tipyretics, and to induce complete naimsis in the rabliit. 

The Effects of the antipyretics in Man vary exceedingly, not only 
with the dose but with the individual patient. Many persons can take 
very large doses without ap[)arent eflect, whik; in others (!Ofnparatively 
minute quantities produce sy mpt4)nis of greatc/r or less i mp()rlamH‘. The 
effects are not always the same even in one individual under the 
same dose of the antipyretic, and it is impossible to stale at presemt 
vhat are the conditions" that involve the peculiar train of symptoiriK. 
A very large number of disoixlcrs have been attributed to the anti- 
pyretics in man, but it is im|) 08 sible to consider any h(?re c»xc>ept those? 
more <x)ramonly observed. Among these arc nkin mipHom of various 
forms, such as red, erythematous, itching patches or more widely dif- 
fused hypenemia resembling the onset of measles or s<?arlatiim ; urti- 
caria occurs flot uncommonly, while ccwma and bulhe are rarer. In 
some cases an cederaatons swelling has been observwl.^ Some ft*ver 
occasionally accompanies the crupthni and renders the diagnosis frijm 
the iniectious exanthemata even more difficult. These skin affeetJous 
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seem to be elicited more frequently by antipyrine than by antifebriue 
and the phenetidine compounds. They have been attributed to dilata- 
tion of the cutaneous vessels, but this in itself is insufficient to explain 
their appearance, although it may be a favoring condition. Profuse 
pernpinUion not infrequently follows the use of the antipyretics in 
fever, and if the fall in temjKjraturc be rapid, and the action of the 
drug passes off soon, the subsequent rise of temperature may be accom- 
panied by ahiveriifif/ and rigor y but these symptoms arc scarcely to be 
looked upon as direct effects of the drug, but rather as resulting from 
the rapid changcis in temperature. They are produced much more 
fretjuently by the older and simpler antipyretics than by those of more 
recent introduction. 

Sometimes mtarrh, burning and swelling of Hie throat and month are 
observcid after antipyrine, and more rarely nausea and romiting. Cerebral 
symptoms are rarely clicitiLKl beyond slight dulness, confusion or apathy. 
Alterations of the liearing similar to those described under quinine 
have been observed in some cases. More serious symptoms are those 
of eollapsry whi<ih are occasionally produced in susceptible persons, 
especially by large doses. Antifebriue is much more liable to elicit 
these than antipyrine, whi(jh in turn is more dangerous than jdienacetine 
and the other phenetidine derivatives. Fn the milder cases of collapse 
the skin is cool, the pulse is rather small and rapid, and some anxiety 
ami alarm is felt by the patient, but the condition passes off in a short 
time. In more severe cases the skin is cold and covered by a clammy 
perspiration, tlie heart is weak, irregular and sometimes fluttering, the 
temperature may be subnormal and the pupils are slightly dilated. 
The patient may be conscious, fainting may occur, or an apathetic, 
confused condition may be produced. The weakness of the heart is 
the chief source of anxiety, and the total failure of the circulation seems 
to be the cause of death. These cases of collapse occur more frequently 
when a rapid fall of temperature has been produced than under other 
circumstances, but may be observed in cases in which no fever has 
been present. 

Marked ei/anos!s oc(mrs occasionally under all the antipyretics, but 
more freuuently uuder antifebrineand the earlier members of the series 
than undi»r antipyrine and the phenetidine compounds. Its chief 
cause appears to be the formation of metiuemoglobin in the blood, 
although it is said to have' b<M»n present in some eases in which this 
pigment e(»uld not be reeognizecl, aiul it is often more intense than that* 
observeil from the action ot other })oisons which lead to the formati(m 
of metluenioglol>in. It is often accompanied by dyspmea and accel- 
eration «»f the pulse, and it lasts for a varying length of time, some- 
tiiiK's i)assing off in a few 1k>ui*s, at other times persisting for several 
days. 

Occasionally n c(*rtain tolerance is gained, and larger doses of the 
antipyretics are recpiired to prmlnei' effin't than were necessary at the 
beginning of the treatment, A few cases ot' chronic . poisoning are 
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recoixled from the habitual use of these drugs iu ueuriilgia. The 
symptoms consisted in disturbance of the digestion, ovanosis, tremor, 
excitability and irritability, and disappeared when the drug wa^s 
given up. 

Action. — The action of these drugs on the various organs is very 
imjicrfectly undei*stood. They are generally supposed to have some 
depressant effect on the Nerve Centres, as is shown by the IossoiuhI 
movements and slight somnolence produced in man and animals. This 
effect is very slight in many cases, however, and it seems impossible 
to suppose that the action is in any way comj>aral)leto that of the true 
narcotics, for cerebral action may bo imhu^ed by small dos(»s wiiieh do 
not apparently influence the mental activity, 'rims, mairalgie pain is 
often relieved by the antipyretics without causing sommJenee or any 
appreciable depression, and it would therefon* appear that if tlu‘ ordi- 
nary dose.s influence the activity of the nerve cells, they must do so 
to a very slight extent, or perhaps their action may l>eetmtined to some 
sjK?eial areas of the brain. Most of the antipyivties imuvast^ the ex- 
citability of the spinal cord at tirsi, and Ibis may lead t<» convulsions 
in the frog, 'riie origin of the eonvnlsions in mammals is still some- 
what (hnibtfiil ; in general, they seem to be ol* eerel>ral origin, but 
when large (|nantities are inject(*<l, they are S(m*ii <‘ven wlK*n the spinal 
cord is divided from the brain, so that the (*ord appears to be thrown 
into a condition resembling that diseusseil under stryehniue poisoning. 
In considering the cause of these convulsions p(*rhaps too little weight 
has been laid by some writers on the clianges in the lilood, respiration 
and circulation, for it is possible tliat the convulsions in some eas(‘s are 
as])hyxial in character, and not due to the ilireiti action of the poismis 
on the brain. In ordinary poisoning tlu; p(*ripheral Nerves and n«*rve. 
ends do not seem to be seriously involved and the final jiaralysis in 
both frogs and animals is undoubtedly (rentral. Santesson found 
that antipyrinc tended to increase the power of the frog s Muscles, and 
fH'vend observers have noted that the nerves and motor terminatioiiH 
are paralyzed by tlic direct appliciition of this drug. Antipyrinc lias 
some effect as a local amcstlietie when applied to the inueous membrancis. 

The Heart in the frog and mammals is fiivt ai'celerateil ami then 
slowed by the antipyretics in genend, these alterations being entirely 
independent of the inhibitory mechanism ami diH» to a ilire<;t effc*et on 
the eartliac mnsele. The increased rhythm of the heart leads t<» a 
slight rise in the blood-pressure, wliieli sinks again as the pnls<) becomes 
slower. There is no satisfactory proof tliat the vasfi-motor eeiitrcH an* 
involvwl in the rise of pressure, although it is not unlikely that 
they undergo a primary stimulation at the same time as the r<*spiraiory 
centre. The vessels are said to be dilated by the perfusion of antijiy^ 
rine solutions, but it stHjms improbable that this plays any role in or-* 
dinary methods of application. 

Most of this series except antipyrinc and its cfim|)oiinds tend to 
cause alterations in the Bed Blood OeUa when they are given in large 
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quau titles. This action is manifested especially by the simpler bodies 
of the series, and is still more marked in i)oisoning from aniline, 
phenylhydrazine, paramidophenol or (|uinoline. On the other hand, 
most of the phenetidine conqxiunds produce it much more rarely, and 
antipyrine seems devoid of this action. The alteration consists in the 
formation of methaemoglobin, which may be readily detected by its 
characteristic spectroscopic appearance. Small quantities of the anti- 
pyretics cause its formation within the blood-cells, which remain intact, 
but larger doses, esixicially of the more poisonous members, destroy the 
red blood cells and free the methsemoglobin in the plasma. In tlie 
blood various distorted, shrunken red cells may be observed, often en- 
tirely devoid of coloring matter, while part of the methsemoglobin seems 
to escape through the kidneys, and nephritis occurs in some cases with 
albumin, hajmoglobin and even blood in the urine. This effect on the 
blood seems due to the decomposition of the antipyretics and the flood- 
ing of the tissues with paramidophenol, or the corresponding quinoline 
derivative. This dec^omposition i)roceeds more slowly in i>henacetine 
and its allies and is absent afixu* antipyrine, which explains the rarity of 
the symptoms after these drugs. When the antipyretics are added to 
blood outside the body no methsemoglobiu is formed. Whether the 
simpler bodies, such as paramidophenol, are equally inert in the test- 
tube is unknown. 

All of the antipyretics have some Antiseptic action, which varies in 
the difterent members with their solubility and stability. Antipyrine 
is found to preserve blood from putrefaction for some days when added 
to it so as to form a solution of 2-5 per cent. Watery solutions 
of this strength destroy protozoa and stop the movements of the 
leucocytes, but antipyretics administcml to the higher animals have 
no such effect on the emigration of the leucocytes from the vessels as is 
seen under quinine. 

Tlie action of the antipyretics on the Metabolism of healthy men 
and animals has been the subject of a number of investigations which 
have given by no means uniform results, especially in regard to the 
nitrogen elimination. Antipi/rine has no influence, or only an insignif- 
icant <mc, on the metabolism of the healthy tissues, whether this be 
measured by the nitrogenous excretion or by the gaseous exchange in 
the lungs. 

Antifrhmiey on the other hand, has a distinct efiToet on the nitrogen 
eliminated, although this is only elicited hy large doses. After ordi- 
nary quantities the urea and total nitrogen of the urine may be 
slightly augmented, but in large doses antifebrine causes an increase 
of 30-^5 per cent, in these, which indicates a large increase? in the 
tissue waste. The other andpyrdie^ have not been examined so <‘are- 
fnlly. Thalline is said by Kjiimagawa to increase the nitix^geu elimi- 
nated like antifebrine, while some others have been said to lessen the 
metabolism in health, but these statements inquire confirniatioii. As 
regainls the oxidation in the tissues as measured by the exchange of 
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gases in the lungs, the autii>yrotic.s have not been shown to Imve any 
effect in healthy animals. 

The excretion of uric acid under the anti}>vreti(*s has also be(ai the 
subject of repeated examination, but no definite change has Ihm'u fouiul 
to be induced by them. The glycogen of the liver and muscle is 
increased by antipyrine according to a recent statement of Lepine and 
Porteret, and Iwanotf has described some obscure changes in the liver 
cells of the frog under antipyrine. 

The specific effects of the antipyretics on the Temperature, while 
ognized by all, have been the subject of endless discussion, owing to 
the complex mechanism through which they are elicited. In the nor- 
mal animal the temperature is but little altered, except by doses large 
enough to produce oollaj)so, but when it is abnormally high, its in fever, 
the antipyretics cause a fall of greater or less extent. This fall in tetu- 
perature occurs at varying intervals after the ingestion of the drug, hut, 
except in refractory cases, always Ix^gins within 2-3 hours. Its extent 
varies, the temperature sometimes reac'hing the normal or even a sub- 
normal point, while in others the change is insignifieant. (Continuous 
fever without any natural rise and fall is mu(?h less aftetstecl, as a 
general rule, than one with alternate rise and tall of the Uuiiprrature, 
and ill the latt<3r form the result is inueh grcjater if tlie drug lie given 
at the beginning of one of the natural nmiissions. 

The fall in temperature is often aeeompanied by flushing of the skin 
and persjii ration. The oxygen absorbed and lheearl>onie aeid excMed 
are lessened, and the urea and nitrogen of the urine are also dimin- 
islunl after antipyrine, while they are not infrecjiieiilly inereascHl after 
autifebrine, espeeially when administered in large ipiaiitities. The 
heart is often redueeil in rate, and the pulse improves in stn^nglh, but 
these changes are <lue to the fiill in the temperature and not to the 
direct action of the drugs. Some remedies covcj 1 heir aiitipyn^tie prop- 
erties to their increasing tlie secTetion of the swiuit glands, but althfiugli 
perspiration not infrerpieutly occurs during tlu? fall of teniperalurc uiui(*r 
the new antipyretics, this is merely a M'coiidarv result here, for when 
the perspiration is checked by atnipiiie or agarieiii, the fall (»f tempera- 
ture procec'ds uninterruptedly. 

The temperature in healthy warm-bli>od(*d animals is k<3pt uniform 
through a balance being established lK?twe«*n the heat formation and its 
dissipation through the lungs, skin and other organs. If an ex<‘cssive 
formation occurs, as during muscular exertion, this is counterbalanced 
by an increase in the output from the skin through the dilation of the 
vessels and by the [lerspiration. If, on the other band, more beat is 
dissipated than usual through exposure to cold, the cornbiiHtioii of the 
tissues is incimsed and more heat is formed. The out|)Ut of hc?at is 
thus determined by the degree of dilatation of the* cutaiujous vesst^Js and 
the activity of the sweat glands, while the amount of heat formed varies 
with the voluntary and involuntary contractions of the muscles, la 
order to preserve a Imiance between these two factors, there must exist 
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a coordindting meclianism, and this is supposed to be located in the 
basal ganglia of the cerebrum, in the region of the corpus striatum. 
Lesions in this neighborhood generally cause a very marketl rise in the 
temperature, often without further disturbance, and it is of interest to 
learn that as long as the cerebrum Ls intact, shivering is produced by 
cold, while after the section of the peduncles the animal offers no 
resistance to a fall of temperature produced by cooling of the surface. 

Other facts might also be adduced to show that in the normal ani- 
mal the tem|)erature is kept uniform by this coordinating mechanism, 
which controls both the output of heat through the skin and its for- 
mation by the contractions of the skeletal muscles. In many indi- 
viduals this coordination is not perfect iu health, and in all it may be 
disoi^anized by poisons, siuih as those fornjcd in fever. The more 
perfect the cobnlination, the smaller is the divergiaice from the normal 
temperature necessiiry to elicit a protective increase in the combustion 
or in tlie dissipation. The efficiency of the mechanism may therefore 
Is? mciisiiml by observing what fall of the body temperature occurs 
before shivering sets in, what rise pnaluccs dilation of the cutaneous 
vessels and ]>crspiration. I n this way it has been found that during 
fever the coih'dination is fpiite as perfect as in health, but that the pro- 
tective reactions are induced at a higher temperature. Thus, Richter 
found that a normal dog (temperature .'18.6° 0.) protected itself by 
shivering when its temperature w.'is reduced by cold to 37.9°, while 
profuse [xwspiration broke out when its temperatnn; was raised to 
39.1°. The same dog suffering from fever (temperature 40.4° C.) 
reacted by shivering wlieii its teraiMjraturc was rtHlucc^d to 40.2° and 
by perspiration when it i-osc! to 40.9°. The coimli nation is not de- 
stroyed or jKiralyzed by fever therefore, for it is iu this case more 
sensitive to alterations of the bo<ly temjxirature than in the normal 
animal. The same raoiisures are taken to preserve a uniform temper- 
ature as in health, but the temijerature maintained by these means is 
higher. If a comparison l)e msule with tlie thermostat of the labora- 
tory, it may be said that in fever the mechanism is “ set ” for a higher 
temperature than in normal life, but that the apparatus acts efficiently 
for each temperature. Tliis higher temperature is maintained by an 
increased metabolism or heat formation, and also in most cases by a 
lessened dissipation. The fever temperature itself .seems to increase 
the metabolism, the tissues undergoing more rapid waste under it than 
in normal conditions.' 

I he first explanation of the antipyretic action of this .series was 
that they Icssenwl the metabolism in the same way as quinine, and 
thus lessened the heat production. This view was suggested by the 
fuot that some of them, such as kairine and thalline, are derivatives of 
quinoline, like quinine, and it was supported by the observation that the 

‘ It imiat not ^ suppoml from tlie foreRoinft statements that fever consists onlv in 
an alteration of tlie normal mnii>eratiire. This is only one of the svmmoms produced 
by the poisons of fever but is the only one affected by tlie antipyretiaj. 
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nitrogen elinunatod and the oxygen absorbed were redueed in amount 
by their action in fever, and by a series of calorimetric experiiuents in 
which it appeared that the output of heat was lessont'd bv their use. 
This explanation has of late years bet>n abandoned by the great ma- 
jority of the investigators of the subject. 'J1ie lessened tissue waste 
which is observed under the action of the antipyretics in fever is not 
due to their direct action on die tissues, but to the fall of temperaturi', 
the metabolism proceeding more slowly when the heat is reihiccHl. 
If they actcnl on the tissues directly in fever, they would have a similar 
effect in health (cf. quinine), whereas antipyrinc has no ap|n*eeiable 
effect here, and antifebrinc actually inereas(\s tissue waste. 

The earlier experiments in which the dissipation of heat was 
measured diiwtly by the calorimeter indicated that it was h'sseueil 
by the antipyi*ctics, in fever, 

while the results varied in 35. 


heal th . Renewed i n vc\st i- 

gat ions with more atten- 
tion io detail and with im- 
proved apjiaratus have shown, 
however, that the dissipalimi 
of heat in fever is mucli in- 
creased by the antipyretics, 
while in health they seem to 
have little effect. This aug- 
mentation in the output is 
due to dilatation of the (ai- 
taneous vessels, which exjioses 
a large junount of blood to 
the cold air. The dilatation 
is great enough to l)c recorded 
by the plethy sinograph in 
many cases, while in others 
flushing of the skin may be 




observed. The increa.s<?d dis- 
sipation of heat is ac<'oin- 
panied by a lessened formation 
which, however, is much less 
important and which is gener- 
ally attributed to the metab- 
olism proceeding less actively 
at the lower temperature. In 
other words, the antipyretics 
the output of heat, and the 
less when ri‘mov(»<l from the 


DiUKraui io IlluMraliMbc Uia warmth 

iitpui ifK; in!»'rri»l !fin|M*nihin' Tin* 

IIP in !li»‘ ^4 ririiHli MijfiiMl 

• c’*fSiiiatiHl at »nflrpn'nl by iiMin^urttin ili*' In'iKlit 
rtliin Jinc front lln- abv !«!•>» 1 »'i- brokpii Jiiir N 
lat of lln- iiiIitiihI fpinfuTaluri*. I to // 

(I Injurv of I ho hraJn ratiM-il a ntarki'n Iwll in <ih* “J*'" 
pnt anrl an in th»? inli-rnal ratiin*, whii'ri 

iTsfHl4»<l unlil at t\ anll|*.vrlinf wm* :iiliiilnhti n-<l. Iii« 
iternai t<*ni|i«*ratiirp ibon h-li rapidly whth-. !h«* o**Uy*l- 
ISC to ih»* liornial. < iiiilrast J'iiit* *b{, (Aftor 

■j»? of OottlichS i;x|K'riiHftiil!i.) 

reduce the tem|)f*rrilure by jiarreasing 
cells of the bofly grow and change 
hot-hous«- U*nqM'nitnre to wliicli they 


have lx;en ex|)ose<l previously. It niusl be addc^l, however, lliat 
some observers hold that the fall in heat formali<ni is too gn;»jd to 1 h* 


explained in this way, and sup|>ose that the anti[>yreticrs lesK*ii the 
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combustion through some otlier action^ but not by affecting the tis- 
sues directly. 

It has been stated already that the fevered animal resists any change 
in its temperature in the same way as the normal, and it might there- 
fore be expected that when the temperature is reduced by antipyretics 
the organism would at once increase its heat formation. The fact that 
this does not occur, but that, on the contrary, the metabolism is les- 
sened, indicates that some further change occurs, that the antipyretics 
not only reduce the temperature by allowing the heat to escape, but 
also alter tlie condition of the ccxirdinating mechanism by which the 
temperature is kept uniform. To return to the comparison with a 
thermostat, the body temperature is set at a lower point by the anti- 
pyretics, while it is set higher by the fever poisons. 

The action of the antipyretics on this coordinating centre is there- 
fore of interest, and has been examined both in health and disease. 
In healtliy men the temperature does not undergo any marked change 
under the antipyretics for though it may fall a few tenths of a degree 
in some cases, this is of no significance. The sensitiveness of the coordi- 
nating centre is increased apparently, however, for in some individuals 
in whom hard muscular work causes a rise of temperature normally, 
this is absent or less marked after the antipyretics. In the same way 
tlic rise of temperature which occasionally is caused by very hot baths, 
is absent or diminished when antipyrine has been administered pre- 
viously. When the Imal ganglia are cut off from their connections 
with the lower part of the l)ody, neither septic injections nor antipy- 
retics have any effect on the temperature, while after section above 
the basal ganglia, fever is caused, and the antipyretics induce the 
usual fall of temperature (Sawadowsky). In experiments in which a 
high fever was produced by lesions in the neighborhood of the ganglia, 
Gottlieb found that the antipyretics reduced the temperature and in- 
creased the output of heat to a marked extent, while the formation was 
increased to a less degree. 

Finally, the condition of the centre has been examined by Stern and 
Richter after the temperature had been reduced by antipyretics. 
They both found that the [irotective mechanism was cjillcd into play 
when the temperature was slightly raised, and generally when it was 
depressed. For example, a fevered dog (temperature 40.9° C.) re- 
ceived a dose of kairine, and its tempeniture was reduced to 37.6.° 
Attempts were now made to raise the temi)erature by external heat, but 
the animal resisted this by increasing the output as soon as the tem- 
perature rose to 37.8°. The wordination wdiich maintained the tem- 
perature at 40.9° before the drug was administered now attempted to 
keep it at 37.6°. 

The results of these ^searches may be summed up shortly as fol- 
lows : The antipyretics n^duce the temperature in fever through alter- 
ations effected in the heat-v^g«lating nervous mechanism, w'hich result in 
lowering the pint which the tempeniture is maintain^. As a conse^ 



AOETAmLIDE AND ANTIPYRINE SEEIES. S79 


quence of this action, a great increase in the dissipation of heat must 
occur in order to free the body from tlie warmth wliich it has aaamni- 


lated, and this increased output 
is attained by dilatation of the 
cutaneous vessels. The seat of 
action of the antipyretics is 
probably situated in the base of 
the cerebrum. 

The precise nature of the 
changes wrought by the antipy- 
retics in the coordinating mech- 
anism is unknown. Gottlieb 
and Harnack suggest that it is 
depressed by them and this 
would accord with the widely 
held idea that fever temperature 
is due to some form of brain ir- 
ritation; but their reasoning is 
open to objiKjtion, and specula- 
tion seems useless until more 
is learned regarding the normal 
funetion of this organ. 

When the temperature is de- 
pressed too rapidly by these 
remedies, a condition of collapse 
is often produced, while in other 
cjises the loss of heat caused by 
the dilatation of the skin ves.s(d.s 


Fio. 36. 



(Uirv« of the iiit4Tua1 tfin|M*rttture (iiiihi'tikeii 
line) ttiit) of the »kin tiMii)»erMlnre (dotted line) In 
fever treated wilh uiilipy rine ( ltii!>eiilhul i. 'I'lie nl>- 
Nei.HAa AH re)>rescntK the time in heiirM, the vertieid, 
-If, the leiiipi.Tiilnre ( Vllli^rltd(^ At /* iinlipyrine 
w:iH given, and the nkitt teiniieratnre rose nt nnen 
(augmented heat outniit). 'ihe internal tcMiipeni- 
litre Ko(ii) iKtgan to fail, and idVi* It had rein-hed a 
LHtrtiiiii ^loinl, the .skin leuiporatim! fell again Uh thu 


seems to bt‘ oxcessivt*, and shivering 


and rigor follow in order to increase the prodnelion. 

When the temperature has reached the new point lix(‘d by the (?obr- 
dinatiou under the influence of the aniipyrtttic, iUv. heat dissipation 


rapidly diminishes and may become less than normal, heeaiist? tlu^ new 
temperature is maiiitoined at a constant point hy tla* same niechanism 


as the normal. 


The antipyretics are rapidly absorbed, and as rapidly Excreted by 
the kidneys, so that they disappear from the body within 21-30 hours 
after their administration. 


The fate of antipyrine seems to differ in difU*rc‘nt aiiiiiuds. In the do;;: it 
is found to be partially oxidized to oxyautipyriae wJiirh is excreted in the 
urine in combination with glycuronie and sulphur h* acids. In others it is 
raid to be excreted in the urine uuchan;?cd. AntifehriiiK undergoes a partial 
oxidation, the final liroduct diffcjring In dill'ereiit animals, but mnie of' tlie 
original body appeara in the urine except afler very large dosc^s. In man it 

ap|)earsasacetylparamidophenol " Oil ^ ^ paramidophenol 


OP another of its compounds, both ladiig in com hi nation with sulplmnc and 
glycuronie acids. In the rabbit’s urine paramiflophenul alone m found, while 

If 

In the dog this is accompanied by oxycarbanil (C^H^< >C’0); in each 


case it forms a double sulphate or glycurouate. The faUi ol the other anU- 
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pyretics resembles that of antifebrine, the quinoline derivatives undergoing a 
partial oxidatio]i resulting in a body analogous to paramidophenol, while the 
phenetidine compounds are partially decomposed and appear in the urine as 
glycuronates of phenetidine. The combinations containing salicylic acid 
break up in the body, and the acid appears in the urine as salicyluric acid, 
while the rest of the molecule undergoes the usual partial oxidation. 

The presence in the urine of these bodies, or ratlier of further pro- 
ducts of their oxidation, giv(js it a dark reddish-brown color, which may 
be observed when it is passed, or more frequently after it has been ex- 
posed to the air for some time. 

Preparations. 

Acktaniliditm TIT. IS. P., B. P.), aceUinilide or antifebrine. 

Acetanilide is a colorless, crystalline iKxly insoluble in water, soluble in 
alcohol, (^ther and chloroform. It Inis no odor when pure, but has a slight 
burning taste. It may i)e, prescribed in powder, suspended in mucilage, or 
in <*acli(!ts or lozenges. The 11. P. gives as the dose 0.0(>-0.2 (i. (1-8 grs.), but 
it is often given in larger doses, up h) 0.(i (r. (10 grs.). 

hihm AirtanUldl O^mponiftis (IJ. S. P. ) eoiilains 7 parts of antifebrine, 1 of 
catfeine, and 2 of sodinrn bicarbonate. Dose, 0.5 0. (7.J grs.). 

Antii’YIUNA (iJ. »S. P.), PiiKNAZoxriM (B. P.) phenazone, or .Antipykike, 
forms colorless inodorous crystals, with a Wttcr taste, very soluble in water, 
aleoliol and cliloroform. 0..‘i-1.8 (1. (r)*-20 grs,). 

PiiKNAiummiM (B. I\), A< ETPiiENRTiiMKrM (U. S. P.), eol(»rless, tastidcss 
<Tystals, insoluble in water, 0,3-1 U. (5-15 grs,), in the same forms as acet- 
anilide. 

Non-official. 

Thalline is generally seen as thulline sulphate, a colorless crystalline sub- 
stance, of a weak aromatii; odor and .slightly bitter taste, soluble in 7 parts 
of water. 0.2-0.r)CJ. (;5-8 gi*s.). 

Emltjme resembles acetanilide except in its greater solubility in water, 
and may be given in the same quuutity. 

Malaklm^ LaHophenine^ Thennodine^ Ncarodine^ Saliphen and Salophen all 
resemble each other in being insoluble in water, colorless and crystalline, 
and are prescribed in the same way as acetanilide and in doses of 0..5-1 G. 

Phvmcoll is generally usihI as the hydrochlorate, which is fairly soluble in 
water, wliile Salocoll is insoluble. 0.5-1 G. (8-15 grs.). 

Malakine, Saliphen, Salocoll ami Salophen all break up iu the body, freeing 
salicylic acid, so tlnit, in addition to tlie antipyretic action, the characteristic 
elleets of tliis a<dd may be elicited by them. 

The antipyretics are almost invsu-iably given by the mouth. Antipyrine 
has been injected hypodermically, l>ut is somewhat painful, beeaii.se much 
larger quantities have to be used than are gcmerally given by this method, 
and the solutions have, therefore, to be more concentrated (30-50 per cent.). 

Therapeutic Uses, — The antipyretics are used chiefly to Beduce the 
Fever Temperature. The most si^tisflictory results arc obtained from 
those which act somewhat slowly, but which preserve a low temperature 
ft>r some time, and antipyrine and the phenetidine compounds are thus 
preferable to the earlier rcmedie.s, which produce a more abrupt fall, after 
which the temperature soon regains its former height. The best effects 
are obtained when the antipyretic is given at the commencement of a 
natural remission, the temperature often foiling 2-4 degrees in the course 
of the next 2-3 hours, and ouly rising slowly afterwards. In some 
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fevers the antipyretics have much less tendenev to lower the Uinpern- 
ture than in others. Tims in septit^emia largeiMloses are requiml than 
in typhoid and not infrequently no satisfactory reduction of the tempera- 
ture follows the administration of the maximal quantity. Pneumonia 
is also said by some writers not to be affe(?ted so easily as some oIIut 
febrile conditions in which the heat-regulating centre appears to in 
a less stable condition, as is manifested by the occurrence of large spon- 
taneous variations of temperature. The I'eduction of the temj)entliirt‘ 
by the antipyretics lasts only as long as the drug is present in sufficient 
quantity in the body, and accordingly as soon as sufficient lias Wn 
excreted, the intoxioiilion of the regulaiing mechanism begins again, and 
the temperature soon rises to its former height. The antipyretics i\o not 
act on the cause of the disease, but only remove one of the symptoms, 
but this in itself is not an argument against their use, as is apparent ly 
believed by some writers, because as long as tlic physician is unable 
to treat the cause directly, he is jiisti<i(‘d in taking smh m(*asiircs as 
are possible to remove the symptoms, riith(‘r than in adopting an cx- 
|)ectant treatment, punj and simple, 'flu* i^xtcuisive use ol‘tlH*se n»mc- 
dies shows very clearly that the high tem|M‘ratiirc* is merely a symp- 
tom of disease, and not the disoiise itself, and the (pieslion has hecn 
mn<?li debated as to whether the re<hi<’tion of fev(*r is in any way hene- 
fieial. No one questions that^ime aiitipyr<‘tie measures should he 
taken when the temperature riseW^so high as to form a dang<*r in itself, 
hut their use in ordinary fever eases is mori‘ doubt iiil, ami many 
physicians dejwec:it<^ tlioir use unless in exceptional *‘asi‘s. 1'he 
very large doses formerly used iindouhteilly induced dangerous synip- 
toms occasionally, hut there is little risk of this (feeiirring •from 
the intelligent use of the less violent inemhers of the series. 
It has rf»eently been shown by Sidiut/i* au<l Heiiiaseli that (he use 
of the antipyretics d<){?s not retar^ the formal ion of the protective 
substances (antitoxins) to which the re(*overy from lol<‘r is aUrihntcxl, 
^or in Infected animals treated with enonnons quantities of anlipyrine 
the .seruiii displayed the same ngghitinating properties towanls the 
bacilli a^that of controls which were not sui»jecrted to any in(ali(*ation. 
A more serious argument against tluar use in fever is that llai eonrs<‘ 
of the disease is less readily followed, h(‘canse one of the guiding syinp- 
tonis — the temperature variations — is no longer depeiulent solely 
upon the soverity of the intoxication with the fever jioisons, and both 
diagnosis and prognosis are tlnis r<*ndered more diffi<.*nli. I* or (*xaniple, 
in typhoid fever a sudden fall of teinjx*niturc often gives tlie first in- 
dication of such a eoniplication as luciriorrliage, bii^ if an antipyretic 
has been given beforehand, this indication may Ik* entirely al)sent. On 
the other hand, it is urged in fiivor of the antipyretic treatment that 
the patient feels more comffirtahle and easier when the. tem|X!rature is 
rednc(»d, and that this alone may favorably influence the (ymrs(* of the 
disease, liesides, the high tenlix^raturc in itself inereaM's the tissue 
'vaste, and causes larger draiightjn on the r<%soiirees of the patient than 
'voiikl be made with the same amount of ixiisoii in the (issues at a 
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lower temperature ; and although the influence of the high temperature 
on the metabolism was undoubtedly exaggerated at one time, this con- 
sideration is by no means devoid of weight. The theory that fever is 
a defensive measure taken by the organism against the causes of dis- 
ease and ought not to be interfered with therefore, is now seldom men- 
tioned, The antipyretic treatment of fever is of value, then, in cases 
where the temperature is so high as to endanger life, in cases in which 
the rise of temperature is the chief cause of distress and no complica- 
tions are to be apprehended, and, in general, in cases in- which the 
increased comfort of the patient is not counterbalanced by their ob- 
scuring the diagnosis and i)rognosis. On the other hand, there is no 
reason to suppose that it lessens the mortality or shortens the course 
of most fevers, or that it prevents complications of any kind except 
excessively high temperature, and the routine treatment of fever with 
anti |)y reties is to be (iej)recatcd. 

The chief rival of the antipyretics in the treatment of fever in the 
present day is the so-called cold-bath treatment, in which the fever 
patient is bathed Ircqiiontly in water the temperature of which varies 
from 70-1)0*^^ F. in <lif!ereut hospitals. The k^mpemture generally falls 
to a eoiisid<»rabIe extent under this treatment, and very often a gonenil 
im|>rov(Mnent in tli(! symptoms oecuiu The efle(?t on the teni|)eratnre 
is mainly due to the abstraction of heat from the body, and thus 
far corresjxmds to that of tlie antipyretics. In the eold-bath treat- 
ment, however, the loss of heat is not immediately diu^ to the dilata- 
tion of the skin vessels, for baths at 70° F. have rather the cffe(?t 
of constricting the vessels primarily, whatever may be the sub- 
sequent effect. The heat output incri^ases here from the change in 
the external nuxlinm, and not from any alteration in the skin itself. 
The fall of temperature is generally not so great as under the anti- 
pyretics, and the regulation is not directly affected, for the patient 
shivers and becomes cyanotic long before the normal temperature is 
reached. The therapeutic virtue of the cold bath was formerly believed 
to lie exclusively in the abstraction of heat and the fall of temperature, 
but many advocates of tlie treatment now hold that this is of less im- 
])ort.auce than the effects on the circulation and the brain, which are 
elicited roflexly by the cold water applied to the skin, and which are 
not now believed to be due to the fall in temperature. Whether this 
view is correct or not, the whole nature of the fall in temperature is 
different from that produced by the antipyretics, and the metabolism, 
instead of becoming less active as it does under the latter, rather tends 
to. increase under the cold baths, at least as far as the tissue change can 
bo measured by the nitrogen excreted. The relative therapeutic value 
of the two methods of treating fevers can only be determined by clin- 
ical experiment, and the present attitude of tlie clinicians, which tends 
to favor the cold-bath treatment, may be revei*sed in course of time. 
However the matter may stand in hospital practice, in which trained 
assistance is aviiilablo, the antipyi^tics have a great advantage in many 
cases ill which treatment has to be carried out without any such facili- 
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ties, for the administration of these drugs mav, of course, be entrusted 
to ordinary i>ersons, whereas the cold bail! can be given only by 
the physician himself or by trained attendants. Panicnlarly in thV 
milder fevers, where no complicated measures, such as the cold balh, 
are considered necessary, the antipyretics give relief to the i)atient bv 
removing the feeling of heat and discomfort. 

Other antipyretic drugs are quinine, aconite, digitalis, and alcohol, 
but none of these produce an e<]ual fall of teinpemtnre unless with the 
presence of alarming and dangerous symptoms. Aconite and digitalis 
are generally supposed to reduce^ the temperature through tlieir (‘tlecls 
on the circulation, although it is not impossible that they may also 
aflTect the centres for heat regulation. Quinine acts probably through 
reducing the metabolism, and akiohol by dilating tli(‘ skin cnipillaries, 
and perhaps by lessening the movements and tliercby tb<^ formation 
of beat. All of these drngs are used very mu(?li less as antipyretics 
now than formerly, as, besides their undesirable se(?ondary cllccts, tlic 
fill! of temperature is less certain and less jirotbuiid than under the 
inod(*rn antipyretics. 

The antipyretics are also uscmI very largc^ly to r(*li(?ve Neuralgic Pain 
and Headache, often witli complete siicecss. So litth^ is knowh re- 
gjirding the jiathology of these cliseases that it \voiil<l s<*eni pn^inatnre 
to discuss the method in which these remedies ad. Ily ninny they are 
supposed to have a sedative or depressant (‘He(*t on tlu^ (reiitral nei\’oiis 
system, but this must bo limited in its range, for qiiantitif's sidlieiiait 
to remove pain often leave the mind perti <*tiy clear. The analgesic! 
action of these bodies is apparently quite diiferent from that <|f iiior- 
pliine, for in many instances in wliieJi the latter is siieeessfiil tliey fail 
to alleviate the condition. On the other hand aiitipyriiKMind its allies 
enn often be used where morphine is coniraindicaled, either from tlie 
danger of the habit being formed, or from the somnolence it induces. 
The antipyretics appear to be of little or no value! in relieving the 
pain caused by acute inflammatory conditions, while on the other hand 
they are almost specific! in some neuralgic cas(‘s. Almost all of the 
antipyreti<!S are efficient in these (Nisf^s, but largiT doses an* g(*nerally 
re(|niretl than to reduce fever,aiid the more powiaTiil, such asantifebrine, 
are often preferred to the safer and more slowly ading phenetidiiies. 
Oatfeine is often ]in*scribed along with the aniifiyretic, as in the 
compound acetanilide |M)W<ler. 

♦Several of the antipyretics have been used as Substitutes for Quinine 
in the treatment of malaria, but none of them seem to liavf? tin* s[Ka!ific 
action of the latter on the organism of malaria, aial, although they may 
reduce the temperature, they do not prevent tln! other syniptoms and 
do not remove the cause of the disease. I n the* same way they <lo not 
seem to equal salicylic acid in efficiency in acute? rlicumatihin, although 
here again they reduce the teinj>erature. This doc^s not apply, of 
<x)urse, to those of tlie antipyreticas, such as rnalakinc, which form 
salicylic acid in their decom]X)sition in tht? lK»dy. It is to be note<l 
tlmt the amount of sal ic^* lie acid thus form<*d from the ordinary <lose 
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of the antipyretics, is considerably smaller than would be given if the 
acid itself were ])rescribed. 

The anti|)yretics are used to a cjonsiderable extent in cases of dia- 
betes insipi<lus and rnellitus and appear to relieve the discomfort and 
in some cases to improve the general condition. In whooping cough 
antipyrine often lessens the severity of the attacks and also renders 
them less frequent, and is said to shorten the course of the disease. 

The use of antipyrine and other members of this series as sedatives in 
hyperactivity of the motor functions of the brain, such as epilepsy and 
chorea, lias not been attended with great success, although temporary im- 
provement has occasionally been noted, as after so many other remedies. 

Antipyrine and sevend others of this series have been advocated as local 
sedatives or aniesthethis, and have been used occasionally to lessen the 
irritability of the throat and larynx and thus to permit of the minor manipu- 
lations of hiryngology. TTolocaine, a body closely related to pheuaeetine, 
has been) (iuiployed to a limited extent as a lo(;al anajsthetic in ophthalmol- 
ogy, but ai)pears to be inore poisonous than other equally efiicacious drugs, 
such as <ni(;aiiu^ 

Tluilline has b(‘en advised as a urethral injection in gonorrhoea. 

'I'hc oc.currt*iUH) of collapse and other symptoms has led to a consid- 
erable amount of distrust of the antipyretics among many of the med- 
i(«il jirofession. In justice it has to be remembered that in many cases 
these symptoms were produced only by very large doses, and that 
since exj)eri(m<?e has sliown that heneficial results may be obtained by 
smaller quantities, these cases have notably diminished in medical 
jiractieii. Unfortunately, this distrust is not entertained by a large 
class of the laity, and numerous cases of jioisoning arise from the im- 
pression that the antipyretics are not dangerous drugs. For the most 
])art, poisoning seems to be due to a peculiar sensitiveness or idiosyn- 
<U’asy, whicdi cannot Iwj foreseen, but in cases of great exhaustion and 
asthenia, especially when accompanied with anmmia, these drugs have 
to be used with great eare or avoided entirely, 
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XXIV. ANTISEPTICS OF THE AROMATIC SERIES (CAR- 
BOLIC AND SALICYLIC ACID SERIES). 

Various balsams aiul wood-tar and .somo of‘ its d(‘rivativ<*s have loii^ 
enjoyc?d a certain re|)utation in surgery, but the Irnt? value of the 
bodies of the aromatic .series has only Ik'CU realized siiKu* tin* syst(‘inali<^ 
treatment of wounds with antiseptics was introdnet'd l>y Lister sonu* 
thirty years ago. The first antiseptic proposed by him was <*arhoIi<^ 
acid, and this held its jmsition for scvc^ral years, when it was dis<*overcd 
that bodies of similar origin, and others of entirely dilferent cHMiiposi- 
tion j)ossessed ecpially great advantages us antiseptics with loss liability 
to induce jioisoniiig. Of late years a very large innnb«‘r of anliseplies 
belonging to tin* aromatic chemical s<*ri(‘s have Isfcn intro(hnvd, ainl 
have been diswirded, often, it would appear, without sullieieiit exami- 
nation. It is not within the scope of su<*h a work as this to (*\'amiin* 
all of thesi*, esj)ecially as the effects of many of tln‘in differ only in 
detail, but the ehief active principles will Ix^ menti*ine<l. 

The great mass of tin* aromatic aiiti.‘^epii<-s are obtained from eoal- 
or wood-tar by more or less complieat<*d reactions, and ar<*<i(teii known 
as tin* <*oal-tar or tar anti.septie.s. 

The hydrocarbons benzene or benzol^ loluof, rylot are too vtdalile for use as 
anti.scpties,ainl tlieoiily liydr<H*arbcMiuscMJ for this purfKise isNaphtalilKt ’ IJ^). 

Among tlie hydroxyl eoinpouinls of benzol. Carbolic Acid or Piieiiol 
«V1I,<)H) is the best known. The dioxyhen/ols (C Vf/OJl),), thiee in iiuiin 
her, hydroqinnone^ pyroealcchin^ and renorcin liave al>-<» he<‘n used in medieiin*, 
and resorcin was at one time a popular antisepti'-, alfboiigh it bus latterly 
fallen into disuses 

Among the trioxy benzols, Pyrogallol alone has lK*eii used 

extensively as an antiseptic in skin disease.s. uml is still eonsidered of valtu* 
in certain conditions. i 

Jlvdroxyl derivatives of other hydrocarbons are tfie Napbtols, //- and 
which are used as intestinal di.sinh^ctants. Thymol i I,)- 
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(CgH^)OH), obtained from thyme, was introduced as a substitute for carbolic 
acid, but has fallen into disuse. More recently the ct^esolsj CgH^(OH)(CHj), 
of which three are known, have attained some prominence as antiseptics. 

The phenol ethers, anhtol and phenetol (OgHjOCHg and CgHgOCgHj) have 
never been introduced into therapeutic use, but guaiacol (Cglf4^^0H)(0CH3)), 
the methyl ether of pyrocatechin, has had some use of late yeara as an 
antiseptic and antipyretic. A combination of guaiacol and carbonic acid 
known as guaiacol carbonate (CO(OCgH/)OH3).^) has also been used. Other 
dioxy -derivatives are the creosota (CgH3(CH5)(OH)(OCH3)), which are im- 
portant constituents of wood-tar and of creosote. 

The substitution of chlorine for hydrogen in the benzol ring seems to in- 
crease its untisejitic power, and 7tionoMorphenol (CjH^ClOH) and trichlor- 
phenol (CgllgCljOH) have been suggested as antiseptics. A similar intensified 
action is obtained by the substitution of chlorine in the members of the 
methane narcotics. (See page 129 .) 

The presence of the carboxyl group ( — COOH) lessens the poisonous action 
of the aromatic series exactly as in the case of the methane series. Several 
acids have been suggested as internal antiseptics, therefore, and one of them. 
Salicylic acid ((v,.H/.)HC()OH), is perhaiis the most important of all the benzol 
compounds at the pre.sent time. Benzoic acid (CgHgCOOH) is an equally 
powerful antiseptic, but is coiiii)aratively seldom used as such. It is the 
chief constituent of several of the ‘‘ balsams,’’ in which it is often accom- 
panied by cinnamic add (Cgll.Cll— CH(X)OH). 

Salicylic acid is the only one of three Lsomeric acids that has been found of 
value. It is used either as the pure acjid or moi*o frequently as the Salicylate 
of Sodium, or in the form of an ester. One of these, methylsalicylale^ has long 
been known as tlic oil of xoiniergreen and as axveet oil of birch. Another >vell- 
known ester is the phenyl salicylate or Salol, (CgH^OHCOOCgHg), while 
others of less widespread rej)utation are cresalol (salicylate of cresol), hetol 
(sali<iiylate of /^-naphthol), aafilhymol (salicylate of thymol). Several other 
salicylic compouiuls are used as antipyretics as well as for their action as 
salicylates and are mentioned among the antipyrine scries. (Page 374 .) 
Tlie most recent substitute for salicylic acid is aapirin or acetylsalieylic acid 
(CgH^OC.HgO.COOlI), 

Another acid which has been used as a substitute for salicylic acid is 
rrcHotimo atdd (( \jH.j(( 'lT3)(01I)(C001l)), and the oxynaphtoic acids (OjgHg(OH)- 
(OOOH)) have betm suggested as antiseptics. 

Instead of carboxyl, the sulphou ra<licle has been attached to phenol in 
order to lessen its toxicity, and in tln.s way the so-called milphocarbolates 
were formed. They must be distinguished Vrom the ether-sulphuric acids 
or double sulphates in which the. — HSO^ is attached to the carbon of the 
ring by oxygen, while in the sulpliocarboiates the connection between the 

sulphur and the carbon is direct. (Sulphocarholate of sodium, 
sodium-phenol double sulphate, CgHjOSO^Na.) hUjiSa, 

When two hyilrogeii atoms of the benzol molecule are suhstituted by 
other elements or radicles, three ditfereiit chemical products may result, 
and these are known as ortho-, meta- or x>ara*compouuds, according to the 
relation the two substituted atoms bear to each other. These three isomeric 
forms very olYen dillcr in toxicity and also in their antiseptic power, but no 
general statement can be made as to their relative position, for the ortho- 
compound is sometimes the most powerful antiseptic, as in salicylic acid ; 
in othera the meta-compound, as in rnetacresol, while parachloi^)henol is 
moi-e strongly antiseptic than either ortho- or mctachloq)henol. 

Many crude preparations of these bodies are still in use and have the ad- 
vaiitagi> of cheapness over the pure principles, and are therefore preferred 
whci*e disinfection has to be carried out on a large scale. 

Wood-tar vari' S' in its composition with the wood from which it is oh-* 
tained. The most imjjortant constituents are generally guaiacols and creo- 
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sols and their homologties, 'while carbolic acid and the cresols are leas 
lai-gely represented. Along with other only partially known g^uhstanccs 
some hydrocarbons and acids such as acetic acid, also occur. ’ 

Creosote is obtained fi-om beech tar and consists cluetly of guaiacol ami 
creosols with very little carbolic acid or ci*esol, wliich latter liave a luwi^r 
boiling point and are removed in the course of preparation. 

The volatile or ethereal oils have also antiseptic properties, and, in fai‘t, no 
line of demarcation enn be drawn between the volatile oil sorit*s and the 
antiseptics proper, for many bodies occur in both gioups, and tlu> great 
majority of the constituents of the volatile oil series belongs to the benzol 
compounds. The earliest antiseptics known were those occurring in plants, 
as is shown by the use of various herbs in einbalming in Kgypt, In later 
times seveml of the balsams, which contain benzoic and cinnainic acitls dis- 
solved in volatile oils, were credited with benelicial eflects in the ireatnient 
of wounds. 

Ichthyol is the ammonia salt of a sul phonic acid derivecl iVoin the tar of a 
bituminous shale which is found in the Tyrol, and which contains the re- 
mains of many fossil fishes. The constitution oi* ichthy«>l is still doubtful and 
it is even undecided whether it is not really a mixture of a numher of iKKlies. 
It contains a high percentage of sulphur, which seems to he only in part in 
the form of sulphons, in part in tha of mercaptans and sulphides. Thiol is 
an artificial product formed ais n suhstitute for ichthyol hy the action of stil- 
})hur and afterwards of sulpliurie acid on the tar obtained from brown <'oal. 
It .seems to consist chiefly of sulphons, and is very s(dnble in watei’. T>‘menol 
is anotlun* artificial substitute fi>r ichthyol. Naphtalan is jirepared frtmi raw 
naphtha by distillation and is used instead of ichthyol. 

Action. — The simpler IxKlies of the aromatic series prodin^e symptoms 
in the living orgiUiLsm which present great similarity in their general 
features, although tliey differ in details. As a general rule it is found 
that the simpler members of the series are miu*h more poisonous t<» iluj 
higher animals than the more eoin]>Iex ones, whih* the latter are eijiially 
or more efficient as |H)isons in the lowest living forms. They are all 
possessed of a more or less markwl action on thi! central nervous sys- 
tem, which is (mtirely different from that of tlu* methane nareoties, 
however. The brain and spinal cord an* thrown into a er>nditi(m of 
abnormal irritability, whieb is betrayt^l l»y an iiier(*ase in the relh^x 
movements and tremor and convulsions, and which is not due to the 
removal of inhibition as in the ease of the m<*thanc e4un|K)iindH. Later, 
a stage of prostnitionandcollaps^j is develo)K*d, w'hieh may simulate that 
seen in the narcosis of the fatty scries, but d<K*s not 8<fein to In* itlenti- 
eal with it, for tiiongh in man the consciousness is often lost: in this 
stage, the collapse in animals is in many eases lud aeeoiiipaiiic'd by loss 
of sensation or of the voluntary movements. Tlie symptoms art* gen- 
erally those of great muscular weakness and indicate? d(‘pressioM of the 
vital centres of the medulla oblongsita and of the heart rather than 
e>omplete loss of tlie cerebral functions. They resemble surgical shock 
in<»re than the aniesthesia following the use of ehlorofc»rni and ether, 
and are probably of a different nature from the latter. 

Many of the members of tlie IkuizoI series tend to destroy the rnl 
cells of the blfMxl and to form metluemoglobin ; this effe^’l is es|K*ciaUy 
developed in the ease of pyrogallol and will l>e deserilied under it in 
detail. Most of these antiseptics reduce the temiieratiire in fever, 
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while they have little effect on that of the normal body unless when 
given in large enough quantities to produce collapse. The cause of 
the fall of temperature in fever under the action of these drugs is not 
satisfactorily explained, although it seems probable that the process is 
the same as in the antipyrinc series, with which they are nearly allied. 

The aromatic poisons differ from the typical members of the methane 
series in their effects on protoplasm in general. Alcohol and ether 
destroy life in all forms of protoplasm when they are brought in con- 
tact with it in sufficient concentration, but the phenols and acids of 
the aromatic series do so in more dilute solutions, and in fact owe 
their importance in medicine to their activity as general protoplasm 
poisons. 

Rinall <]uantities of the aromatic bodies seem to increase the activity of 
living matter, at any rate under some conditions, for the alcoholic fermen- 
taticiii is said to be accelerated by the presence of minute i^roportions of these 
poisons, and in the higher animals some of them increase the nitrogenous 
metabolism, while larger doses destroy the yctists and also the tissues of the 
horly. The evidence of central nervous irritation might also be cited in 
su[)port of the view that the members of the aromatic series first accelerate 
and then retard protoplasmic activity, but the evidence is too limited as yet 
to admit of such a generalization. 

Therapeutic Uses. — The members of the aromatic series are used in 
therapeutics chiefly as disinfectants and antiseptics, that is, to destroy 
or retard the growth of pathogenic and putrefactive microorganisms 
and yeasts. Their introcluction by Lister to prevent the infection of 
wounded surfaces in surgery was followed by a revolution in surgical 
methods, which can only be paralleled by that which followed the in- 
troduction of ainesthetics some twenty years earlier. 

The successful treatment of local infections by means of antiseptics 
encouraged the hope that general septic diseases might be as favorably 
influenced by them, but the two conditions are obviously entirely dif- 
ferent, for in the case of a local infection the remedy may be a|)plied 
at the diseased point, and, although it may destroy the life of the 
superficial cells in the neighborhood, this is not of vital importance. 
On the other hand, a disinfectant, acting throughout the tissues of the 
body in sufficient quantity to destroy the microbes of infection, must 
Iiave an ecpially unfavorable effect on the cells of the host, unless it 
has a specific action on the parasite, and this is very exceptional. 

A disinfe(?tant in the strict use of the term is a substance used to 
destroy microbes, while an antiseptic, while not actually killing the 
germs, prevents their growth as long as it remains in contact with them. 
A <llsinfectant is accordingly only intended to act for a short time, for if 
the infected matter be once rendered sterile it can only become dan- 
gerous by being again contaminated. For example, a room requires 
only to be disinfected after a case of infectious disease. A wound, on 
the other hainl, even though w^mpletely disinfected may become ooii- 
taminahKl again very easily and an antiseptic may be requinnl to prevent 
the further grovvth of microbes. Many substances arc disinfectant in 
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large quantities and antiseptic in more dilute solutions, but others are 
too ^vcak to disinfect thoroughly though they retail the growth of 
pathogenic organisms, and still others may be employed to disiiifeet 
but are unsuitable for use as antiseptics, either btH?ause they are too 
poisonous to be applied tor a suflici(‘nt time or because they lose their 
effects on the microbes (peroxide of hydrogen group). 

The uses of the antiseptics and disinfectants may 1 m‘ stated as follows ; 

1. To Disinfect Booms, Furniture, Clothes, etc. — For these pur|)oses. 
the strongest and cheapest drugs which di> not actually injure the 
objects may be employed. None of the aromatic series is trust- 
worthy here, although carbolic solution has been <»inployed ; tin* 
gas(M)iis disinfectants, formaldcdiyde and sulj)hurous acid, an* much mon* 
efficient. For the disinfection of the excreineiita, crude carbolic! acid 
and tar have been advocated. 

2. To Prevent the Infection of Wounds in surge^rv. This was first 
attained by Lister’s carbolic acid divssing and opc‘rative procc*durc», 
but many other antiseptics have since been substituted for carbolic 
acid, and the use of antiseptics during operations lUi uninfected organs 
has given way to the asejMic method. For ust* <luring operations on 
infected wounds, the disinfectant must be sidubli! or mis<*il)le in water, 
and oiiglit to j)roduce as little irritation as possil)lc, Init there is less 
likelihood of serious [)oisoning or irritation J‘r<un the use ol* antiseptics 
here than from their subsc<|uent application to the woun<le<i surface as 
dressings. The importance of avoiding tin* use of irritant antiseptics 
in operations on delicate structures, suc*h as the |>criton(*iim, has only 
been fully recognized of lat<! years. Wln^n* a dr<*ssing has tt> be applied 
for some time, and espccnally when the wounded snrfac<* is large, as in 
the ease of burns or large abscesses, the <langer ol‘ absor|)ti«»n lias to be 
taken into consideration, and antiseptics ought therefore 1*> be cln>sen 
which are either absorbed slowly <ir are not very poisoinais to man. 
The frecpient occurrence of more or less severe I'arbolic iiitfrxh-atioii 
has led to its emphyment bc‘ing nnicli inon* restricte<l than formerly, 
while the less soluble or less jmisonous antiseptics have talo'ii its place. 

3. In the Treatment of Skin Diseases the dange r of absorption is even 
greater than in tlie dressing e»f wounds, as the absorbing snriace is often 
v<*ry imicJi more (*xtensive, and in aeMifion the more* irritant anlis<‘pticK 
are ol)viously not admissible here. Jii many cases of sncc<*ssfnl ireal- 
irient with bodies of tin* aromatic series, the rciin dy seems to act not only 
as an antis(q)tic but also as a mild irrilant ainl astringent. Fyrogalhd 
is believed by some dermatologists ti» be of value only frmn its reduc- 
ing action depriving the superficial tissues of their oxygem. 

4. The antiseptizes have been freqimntly emphyz’zl for their DiBin- 
fectant Action on the Bowel, and as far as the putndaf*tion of the in- 
testinal contents is coneerned, with success. The disintz^gration of flic 
food by microbes in the bow«*l may Im* estimated by thc! amount of 
double sulphat(*.s appearing in the urine, and in sevm'al s<?ries fd cxjht- 
imeuts these have been found to lie iioiubly diminislH'd by lK»dies of 
the aronmtic series. Fewer microbes have lK'<*n ffaind in the fen's 
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also after these antiseptics have been administered. When, however, 
bacterial infection of the wall of the bowel is treated with these anti- 
septics, the results are less favorable. In typhoid fever, in which the 
subject has been most frequently examined, the number of the typhoid 
bacilli in the stools lias not been lessened to any noticeable extent, and 
the majority of clinical observers seem to be vcTy sceptical as to any 
relief of the symptoms lieing attained or of the duration of the dis- 
ease being shortened by their use. 

Any drug used for the disinfection of the intestine must not be irri- 
tant, nor very jioisonoiis. It must not be too soluble, since otherwise 
it may be absorbed from the stomach and fail to reach the bowel, and 
on the other hand it must be soluble to some extent, or it cannot mix 
very intimately with the contents of the intestine. Carbolic acid is 
scarcely fitted for this purpose, for it irritates the stomach and is also 
rapidly absorbed. Some of the cresols have been recommended of late 
years, and the naphtaliu preparations have also enjoyed some repu- 
tation. Salol and its congeners have the advantages of being almost 
completely insoluble and harmless in the stomach and of being dis- 
solved and rendered active by the intestinal juices, and have been 
found of value in excessive jnitrefaction of the contents of the bowel. 
It has to l)c added that putrefaction in the bowel is best treated by its 
evacuation by a purgative, such as one of the mercurial preparations, 
which also have a high antiseptic value. 

/). The antiseptics of the benzol series are excreted in great part by 
the kidneys, and the urine is thus rendered Weakly antiseptic and 
irritant. Tliis fact has been taken advantage of in the treatment of 
Septic Diseases of the Bladder and Urethra ; the drugs used for this pur- 
pose must not be too irritant to the gastric mucous membranes, and 
must be easily absorbed, and not dangerously poisonous. Here, again, 
salol has been found of value as well as salicylic acid. The forms in 
which the benzol derivatives are excreted by the kidney are generally 
much less irritant and antiseptic than that in which they are adminis- 
tered. In estimating the value of each as a urinary disinfectant, it 
must also be remember(?d that many of them are liable to undergo 
oxidation in the urine itself. (Si*!? also copaiba series and urotroj)!!!.) 

6. Small quantities of some of the more volatile members of this series, 
especially of the hydrocarbons, est*a|>e by the lungs, and this has led 
to their use in Pulmonary Disease, esjK»crally in phthisis. It may be 
stahHl at oiuh; that careful observers arc almost all united in the belief 
that the intermd administration of these remedies has practically no 
antiseptic effe(?t on the micn)bes in the lungs. Some iidief is often ob- 
tained, but, it is believed, only through their disinfectant action in the 
stomach and bowel. Antiseptic remedies have also been inhaled in 
vapor or spray and have been injected into the trachea and even into 
the lung directly, but as far as the tubercle bacillus is concerned, they 
have had no result in the hands of the vast majority of physicians. In 
oases of gaugreiu ^f the lung, foetid bronchitis, etc., the inhalations re- 
lieve the patient to some extent, and certainly lessen th^ offensive odor. 
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7. The use of antiseptics to Destroy Pathogenic Germs in the Tissues 
after Absorption is very limited. It is now recognized to be hopeless to 
attempt to find a single body which will destroy all forms of bacteria in 
the tissues, while leaving the host uninjured, but there is still reason 
to believe that in the future specific antiseptics may be Ibund for at 
least some of the constitutional diseases. Such a specific action is 
seen in the effects of quinine on the organism of malaria, of salicylic 
acid in rheumatic fever, and of mercury in syphilis, all of thcs<‘ ap- 
parently acting more strongly on the cause of the disease than on the 
tissues of the patient. While it may be hop4‘d that the antiseptic 
treatment of internal maladies has not reached its final limit, the only 
constitutional disease in which the aromatic series lias been shown to 
be of incontestable value is acute rlu*ninatism, and in many other 
conditions which were formerly treated with benzol antiseptics, they 
have proved rather injurious than otherwise. Kenewed interest lias 
been aroused in this question recently by the proposiil to treat septic- 
icniia by the intravenous injections of antisiqitics, l>ut investigiition has 
shown that evm the least dangerous cause symjitoins of poisoning in 
much smaller <juantities than wouhl be necessary to render the blood 
an antiseptic solution. 

There is reason to believe that solutions containing several of the* 
benzol scries are more strongly antisejitic than those (!ontaining an 
equal percentage of the individual jnire bodies, and that the mixture 
of such a body as carbolic acid with an antiwptic; of anotlxT kind, 
c. / 7 ., mercuric perchloride, is still more effiei(‘nt than the <*orn‘spond- 
ing proportion of either alone. This apjiears to lie <hie tt> a ehangc in 
the solubility of the disinfectant, at any rate in some eas<'S. If a 
poison is to penetrate into the interior of an organism in fjiiaiitity it 
must be as soluble in the protoplasm as in the fbrul in whieh it is ap- 
plied, for it is obvious that it will not leave a mediiiin in which it is 
readily .soluble for one in which it is dissolved with difliculty. Ac- 
cordingly it is found that fats and oils in whieh the inenib(j'.s of the 
aromatic scries are very soluble are iH>t suitable as mf dia for their ap- 
plication, for tlie poi.sons remain in the oily menslruiiin ami tail t«> 
}ienetrate the niierohcs in whieh they are less solnbli'. On the other 
hand, the addition of inorganic salts to airatjucoiis solution ofi'arbolic 
acid often increases its antiseptic powor, lM'<*ausi* the poison boeomc*s 
less soluble in the ^A■ater and .shows a gix*atei* temh iu y to e.'^ca|Mj from 
it into the interior of the microbes. 

Fate in the Tissues. — The fate of the members of the aromatic sf^ries 
in the body is very uniform in one resj»eei — tlie bi*nzol ring i.s rup- 
tured only Avith great difficnilty. In the great majority of eases the 
changes Avhieh these substances tmdergo in the tissues aflVet only (he 
hydrogen or the .side chains attaches:! to the t^arbon atoms, and leave 
the form in Avhich the.se last are attached tr* each f>ther tiuchuttged. 
The chief exceptions to this rule are ]iyrogallol and gallic; acid, avIijcIi 
seem to undergo more or less complete oxidation to carbonic acid and 
water. Some Oxidation takes place? in the aromatic series, however, 
the aiinpler forms, such as benzol and aniline, tending to form hydroxyl 
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compounds, wliile those with a side chain formed of methane deriva^ 
tives tend to oxidize it to carboxyl. The oxidation of the benzol com- 
pounds in the tissues therefore results in the formation of oxybenzols 
and aromatic acids, and this oxidation is j)robably not limited to any 
one particular tissue or organ. These bodies are not, however, ex- 
creted in this form in ordinary cases, but enter into secondary combi- 
nations in which they appear in the urine. The hydroxyl bodies 
unite with sulphuric and glycuroiiic acids to form double sulphates 
(ether-sulphuric a(jid salts) and glycuronates, while the aromatic acids 
are excreted in combinations with glycocoll, which are known as hip- 
puric, salicyluric, etc., acids. The last synthesis probably occurs 
chiefly in the kidney, while the double sulphates are said to be formed 
in the liver. 

A few exanijfles of the changes undergone in the tissues may elu- 
cidate the above statement. Benzol (CgHg) is oxidized to phenol 

(CgUgOII), and to dioxylKiUzols > which combine in the 

kidney with sulphuric and glycuronic acids to form phenol-sulphuric 
(CjjII^O — 8C)^II) and phenol-glycuronic acids, and the correspond- 
ing dioxybenzol comjioimds. Toluol — CII.,) is oxidized to 

benzoic acid ((y I., — (>OOIT), which combines with the glycocoll of 
the body to form liippuric acid (Cy i/JO — NIICHgCOOH). Xylol 

|(y i^<^jj‘< J is oxidized only in one side chain and forms toluic acid 

( C/II \ . . 

j , which is excreted in combination with glycocoll as 

tohiric acid. 

Although a general resemblance exists in tlu? oxidation products of 
those bodies in the tissues and in the forms in which they are excreted, 
considerable diflerences are noted in the details. Thus, naphtalin 
undergoes the same oxidation as l>enzol, forming naphtol in place of 
phenol, but while the phenol appears in the urine in combination with 
sulphuric acid almost entirely, the naphtol combines with glycuronic 
acid for the most part. 
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1. Carbolic Acid. 

(^arl)olic acid or phenol, the first of the inoih'rn anli.s(‘p(ie.s to he in- 
troduced, acts like the re.st of the .simpler hen/ol emupoiind.s as a 
General Protoplasm Poison, althmigh in tlu^ v(u*tehratvs it nets mon^ 
powerfully on the central nervou.s .system than on tli(‘ iillu‘r tissiu^s. 

Its poisonous elfects are well seen when it is applit‘d to jiiieel* 
lular organi.sms such as the protozoa, Kv<‘ii dilu((‘ solutions eaust* 
immediate arrest of all movements ; the organism assumes a .spJierieal 
shape and loses its transparency, and, unle.ss tin* .stilution he very 
attenuated, dies in the course of a f<!W minutes. Pfaat veils are acted 
on in the same way, ami the individual cells of imu’e highly f»rgani/-(*d 
animals, such as the cilifftetl epithvliHin of the air passages and tin* 
tijKYiiiafozoaf arc killed at once wlien brought in <'ontaet with t»arlM»li<! 
acid. There is some cvi<h‘uce, however, that very tlilutf; .‘solutions of 
carbolic acid, as of other anti.septies, tcunl to inenase the activity of 
protoplasm. Thu.s liiernaeki and Schulz hav(' found that while .wdn- 
tions of phenol, such as arc used as .surgical aniisepties, are immediately 
fatal to the yeast j)lant, very dilute .solutions increase its activity. 'Phe 
etfect of carl)oHc acid on protoplasm has, ln»W(*ver, hts-n studied chiefly 
in the hadvrin. Its antiseptic power, while always <*onsiderabh^, is 
found to vary greatly with the .sp<*cic*,s of microbe. 1'hus, whih* it is 
fairly poisonoms to the ordinary jiyog^aiic organisms, it has to b(» jm'sent 
in very (concentrated form to dc.stroy tin* more nfsistant .s|ior(*s of an- 
thrax, and like other aiitiseptic^s, is niueh less poiscmoiis bj tlnj 
inicrolx'vS than to the protozoa and other .simple forms of life, I In* 
develo[)ment and reproduction of many inieroorganisins has been f(»nnd 
to be mu(;h delayed, or altogether prevent e<l, as long as they rernaim*d 
in a solution of one part of (.?tirlM)lic a<ad in lOft-bOG parts water, but 
in order to kill the spores very' much more eoneentrate*! sohiti^ms (o 
jK*r (xiiit.) were recpiired, and Kcxdi fimnd that the sjion’s of tin* 
anthrax bacilli were d(*stroyed hv O p r ce nt, (rarlsdie solution cmly 
after they had remained in it for two days. 

It seems to varv considerably* in its action on tin* a iiunjanhetl frr-' 
inentu ; thus it is said not to retard apprecialily the fi-runfiitations 
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produced by emulsin^ diastase and myrosin, even when present in the 
solution up to 5 per cent., while pepsin, ptyalin and the rennet fer- 
ment are weakened by somewhat smaller quantities. 

Carbolic acid precipitates Proteids in solution and also in the cells. 
It does not seem to enter into any such firm combination with them as 
is formed when tannic acid or a salt of one of the heavy metals is added 
to a solution of proteid, for it can be washed out of the precipitate 
with comparative ease. Its action in precipitating albumins may 
rather be compared to that of alcohol, in which the proteid is precipi- 
tated, not because an insoluble compound is formed, but because of a 
change in tlie nature of the solvent. It results from this that carbolic 
acid penetrates more thoroughly than the metallic antiseptics, which 
are rendered insoluble by the albumin they meet, and whose action 
therefore tends to remain confined to the surface. 

This coagulation of the proteids occurs whenever carbolic acid is 
brought ill contact with the tissues. On the Skin a white, opaque scar 
is formed by concentratcMl phenol, which becomes red and shining af- 
terwards and then fills off in a few days, leaving a light brown stain 
which may remain for several weeks. Even a five per cent, solution 
applied to the fingers profluees tingling and warmth, which is often fol- 
lowed by opacity and shrinking of the epidermis and a sense of numb- 
ness. This numbness may amount to almost complete anaesthesia if 
more concentrated solutions are applied, no pain being felt even when 
the skin is cut through. When applied for some time and prevented 
from evaporating, carbolic acid may cause extensive dry gangrene of 
the part from its penetrating tliroiigli the surface layer and reaching the 
deeper tissues. Applied to a Wound in five per cent, solution, phenol 
induces pain and irritation an<l the formation of a white pellicle of 
coagulated proteids. It causes irritation and necrosis of the Mucous 
Membranes, and if applied in sufficient quantity may lead to sloughing 
and acute infiammution. This local effi^ct may prove fatal from shock 
and (collapse wlu*n large (juantities of the undiluted acid are swallowed, 
the effect resembling exactly that jwoiluced by other corrosive sub- 
stances. 

Apart from its local action, carbolic acid has important effects after 
its absorption into the blood. The most marked of these are the 
changes in the Central Nervous System, AVlieii a small quantity of 
carbolic acid is injected into the //w/, the first symptoms, apart from 
those produced by the pain of the injection, consist in an iimisnal quiet 
and in the absence of the spontaneous movements. Later, quivering 
of individual muscles, and apparently of the individual bundles of 
muscle fibres, sets in, and this is soon aceompanied by an increase in the 
reflex irritability and eventually by convulsions similar to those seen 
after strychnine. These inovenicnts gradually become weaker, and 
eventuaHy complete paralysis is induced, while the heart continues to 
beat and the muscles and nerves react to the electric shock. A dilute 
solution of carliplio acid applied directly to the . exposed spinal 
Qord paralyzes the sensory elements immediately, while leaving 
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unaffected the motor fibres and the cells of the anterior liorn (Bag- 
lioni). 

In mammals^ a very similar set of symptoms are prodiu'ed, save that 
there is often no noticeable preliminary stage of (le])r(\ssion. Some 
weakness and lethargy may be present, iunvever, aiul are follo\Yed by 
marked muscular tremor, which resembles the sliivoring produced by 
cold. At intervals this is interrupted by sudden twiteli(*s in diilerent 
muscles, and later by clonic convulsions. The respinition ami the 
pulse are at first accelerated, but afterwards are slow, inx'gular, anil 
weak. The movements become feeble and appear at long<‘r inttuwals, 
the respiration is shallow and irregular, and the animal passes info a 
condition of collapse, in which, however, the sensibility to pain is often 
preserved. Kventually death occui’s from asjdiyxia. After very large 
doses the collapse may be immediate, no convulsions being observed, 
the heart and resj)iration often ceasing simultaneously. In most cases 
salivation is a marked symptom, and the temjHM’atiire often falls far 
IkjIow the normal. 

In man^ convulsions arc comparatively rarely se(‘n. When large 
quantities arc taken, immediate unconsciousness may n^sult and death 
follow within a few minutes. How far this is due to the hanl cjor- 
rosion, and how far the direct action on the* ccmtral nervous system is 
involved, cannot be determined. In more gra<lual ptusoning, de- 
j)re.s8ion and weakness, headache, nausea and vomiting are followed by 
giddiness, noises in the ears, jiallor and collapse, with iriugular pulse 
and respiration, and cold jicrspiration ; fainting and unconsciousness 
tlien lead to failure of the br<*athing, and death. Ihlirium and (‘xcite- 
nient have been observed in some cases, l^^atal poisoning may arise 
from swallowing the amcentj’jited or dilute solution, or from absor|»tion 
from wounds and abscesses. It has also occurred in man fnun absorp- 
tion through the unbroken skin. 

The autopsy sometimes gives no sp(*cial indications of tin* cansf? of 
death, save the loc^^il corrosion of the aliimiitary canal, inflammation 
and necrosis of the intestine is said to havr^ ln'cn observ»*<l in smne 
cases in which the jK)ison was absorlied fivun skin wounds, ami fatty 
<legeneration is sometimes induml in tin? liver and tin* renal (']ut helium, 
but is not cofistant. 

The efmvulsions in the* frog arise from an iiuTcasc in the irritahility 
of the spinal cord, especially of the eell," of tho aiitfi'ior horn (Bagliotii), 
for they arc not aiTest<.Hl hy section of the iiM-didla oblongata. In 
maninials the sudden contractions of Isolated inus(?h*s app<'ar <lne to a 
similar action on the s|)inal cord, hut the clonic roiivnlsiouh and the 
persistent tremors are probaldy of cendmd origin, and lk*rkhol/. found 
the cerebral <!ortex abnormally irritable aft<*r carbolic acid. I he rarity 
of convulsions in man has not been sfitisfactorily explained. In some 
eases the course of the intoxiciifion is t<io short, tlie large amritini of 
poison swallowed inducing immediate collapse, while in otlicTs their 
absence may be due to the debility of the patient from disr*as<! ; but 
ill a considerable numlier of cases of pois(u:iiig in which neither of 
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these conditions was present, no convulsions were observed. A sim- 
ilar contrast between the effects of a poison on the lower animals and 
on man has been mentioned already under morphine. In all eases, 
the primary stimulation of the central nervous system is followed by 
depression and paralysis if large doses are administered. 

The acceleration of the Respiration and of the Heart seen in mam- 
mals has been supposed to be an indirect result of the increased mus- 
cular movement and convulsions, but this seems to be incorrect, for 
tile heart is found to be accelerated before the convulsive movements 
and tremor appear, and the frog^s heart is accelerated in cases where 
no movements whatever occur. It would seem probable that the 
acceleration of the heart is due to direct action on the muscle or on 
the regulating nerves. The subsequent slowing is undoubtedly due to 
muscular action. 

The uccehjration of the resjii ration jirecedes the increased move- 
ment also, and would tlujrefore seem to be due to action on the med- 
ullary centre, which is first stimulated and later paralyzed. The 
vaso-rnotor centre is said by Gies to be depresscid at once by the injec- 
tion of (!urbolic acid into the blood, but it may be questioned whether 
it too is not first excited when the poison is absorbed more slowly. 
It is undoubtedly dcjjiressed in the later stages of poisoning, and this, 
together with the weakness and slowness of the heart, causes a fall in 
the blood-])ressure. 

The peripheral Nerves and Muscles do not seem to be affected in 
general poisoning in mammals, although in the frog their irritability 
and the capacity for work of the mus(?le may be somewhat reduced. 

On the direct application of solutions of carbolic acid to the nerves 
or muscles, these are at once killed, like other forms of living matter. 

Tlie increased Secretion of saliva, pei’spiratio!! and tears which is 
seen in poisoning in mammals is probably of central origin, and may 
possibly be associated with the nausea and vomiting. 

The fall in Temperature in carbolic acid poisoning seems, for the 
iuain part, to be due to the collapse, although it is impossible to state 
how far this may be aided by some alteration of the regulating func- 
tion, siu^h as is stum in the closely related group of the antipyretics. 

Carbolic acid added to the defibrinated Blood leads to the slow forma- 
tion of mcthmmoglobin, but this does not occur in the living animal. 
Occasionally some destriu^tion of the red blood cells is caused in 
animals through the injection of carbolic acid directly into the blood 
vessels, and in one case of poisoning in man luemoglobin Avas detected 
in the urine, indicating that some of the red cells of the blood had 
been destioyed. 

Excretion. — Carbolic acid passes through the tissues unoxidized for 
the most part, but a certain proportion of it undergoes a partial oxida- 
tion to hydmquinone and pyroeatechin. These combine in the body 
with sulphuric and glyeuronic acids, and are exci’eted in the urine as 
double sulphato (ether .sulphates) and glycuronates of phenol, hydro- 
^uinone and pyrotiatechin. The two last-named bodies are somewhat 
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unstable, and tend to undergo further oxidation, tlirough which colonnl 
substances are formed. When ciirbolic acid has been absorbeil, there- 
fore, the urine tends to assume a dark, dusky-green <*olor whifh may 
change to brown or even black. This change may occur in the body, 
and the urine is very often i>assed of a green ish-bmwn ixdor, but furtlu*r 
oxidation takes place on exjx>sure to the air, resulting in de(‘per colora- 
tion which commences at the surtaceof the fluid and gradually exti'ud.s 
downwards. The depth of the shade d(^pends not on the ainount oi' 
j)henol sulphate in the urine, but on that of the dio\yl>enzols, and a 
darker urine is often observed, therefore, when the absorptimi has oc- 
curred from an open wound (in wliich the <H)nditi<>ns an* especMally 
favorable to oxidation) than from much huger quantities abstu’lu'd 
from the alimentary canal. 

The presence of glycuronates in the urine may lead to its rediuang 
Fehling’s solution, and thus give rise to the suspicion of glycosuria. 
On the other hand, the passage of these biKlies thn>ugh the kidney 
often causes some irritation and albuminuria. 'Fhe double sulphates 
of the urine are, of course, much increase^!, and in tlu‘ dt>g the wlioh‘ 
of the ordinary inorganic sulphates may disappear, the urine contain- 
ing only double sulphates. 

The GMorphenols, in which cliloHiic i.s suhstitnted for one or more of the 
hydrogen atoms of carbolic acid, are iiuieh more poisonous to microorgan- 
isms than the original suhstance, hut are also s»)iuewhal more poismioiis 
mammals, so that they Imve not been inueh used. A similar iiiteusiryiiig 
elfeet is seen in the chlorine suhstitutioii produetsof tin* nan^otio seri<*s, r. </., 
ehloroform. The iiio.st poi.sunous of the monoohlor-phenols is parac'lihirplienol. 
Bromol or trihronqdieiiol has been u.'ied to a limited exUmt in tlnaapenties 
as a disinfectant and eau.stic. 


PUKUA RATIONS. 

Acidum Caubolicum (M 1*. j, I'liKSond ’. S. P. ), earholie lu id or phen<»l 
(CgHjOU) forms colorless, delir|uesreiit «ryHlaIs wlnri rvcrntly propand, Jait 
often icisiimes a re<idish tinge from 4ixidation. It has a chara<'l«M’islic odor aial 
is intensfdy corrosive. It is .soluble in about 1*> parts ol waU'r, lint hceoim^rt 
IKpiid when 10 j»arts <»f water are ad<led to UO ot the 4'rystaK. torming^ lliy 
Aciiluni (AirMicum {W. P. l*h*'nol LufurluA-iutn (I . S. P. ). I his 

iiiu.st becarefnllv distingui.shc<l from thei»rdinary s<.*lulioii ol earh«iiie arid, which 
cftiitains only about 5 per eeiil. <if jdiemd, whih? the li<jiielied ^‘arholie a<dd eon- 
tains about 90 j»cr cent. 

C’arholic acid, U.0*i-0. 2 ti. (A--* 

Lkpietied carliolic acid, 1-d mins. 

Gfyrerf/um {l\ S. P. », (t'iyrentruf/t Arif/i f'nrUHri {\\. P. ), 20 per cent. 

of carbolic acid in glycerin. , . i, 

Ihiffuentum Phetwfu, IT. S. P., 5 per cent.; Unymnhim Amh i'urUuUit, H. I 

4 per cent. 

Trochinr.vs Acidi CarboHH (B. P.), ea<’li eoutaining 1 gr, 

Siippositoria Acidi Carholici (B. P.j, each eonlnining 1 gi. 

Therapeutic Uses. — Carbolic aoifl is ost-d as an anliMf|tli<- in snrKnral 
ojwrations in 2-5 percent, soliilioii in u-ater. It now plays a iiiu<;K 
less imiKtrtant rule in surgery tlian it did in tlie tirrt dajs of anti- 
sepsis; in fact, in many clinics in wliieli it was onw flic only anti- 
septic used, and in wliich it was appliwl in all the rnanifohl prejiani- 
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tions then known, carbolic acid is now employed only to preserve the 
instruments from infection. This change is no doubt partially due to 
apprehension of its irritant action, and to the occasional cases of pois- 
oning which occurred from its use, but chiefly to the alterations in 
surgical technique which have been introduced since the antiseptic 
method was first invented. The tendency now is to reduce the use of 
antiseptics to a minimum and to trust instead to stricter cleanliness 
and asepsis. Its irritant action and the danger of absorption have 
also rendered it unpopular as a dressing or lotion after operations or 
injuries, where there is any large absorbent surface, or where irritation 
is liable to be injurious, as in most forms of skin disease. 

It is still used as a disinfectant in septic wounds, though greater 
reliance is now placed on corrosive sublimate and the oxidizing germi- 
cides, such as liydrogen peroxide. Strong carbolic acid has been 
applied to disinfect wounds, its poisonous effects being avoided by im- 
mediately washing it off with alcohol. 

Harrington has recently drawn attention to the danger of applying 
<lilute solutions in bandages to injured fingers and hands; he found 
records of over a hundred cases in which this had led to gangrene 
iiceessi tati ng am pu tation . 

Carbolic acid has also been employed as a caustic, the liquefied 
preparation being jireferrcd for this purpose. It is less painful than 
other caustics owing to its amesthetizing action, but it is also less 
efficient. 

Its local action on the sensory nerve terminations has been utilized 
in itching skin diseases and it may be noted that some recent local 
ainostlietics are benzol derivatives (see page 314). The treatment 
of deep-seated abscesses and inflammation by the local injection of 
carbolic acid solutions lias passed into desuetude, and a similar fate 
has befallen its use to limit the extension of erysipelas. The spray of 
.carbolic acid has been advised in laryngeal and pulmonary disease, but 
is scarcely met with in recent years. A solution of carbolic acid lias 
been employed as an irritant to cause inflammatory reai^tion, cicatricial 
adhesion and conse(iuent obliteration of small cysts, such as hydrocele, 
and in mevus. 

Internally cnirbolic acid was tried as an intestinal disinfectant, and 
in nuiny infectious fevers. It causes marked irritation of the stomach, 
however, and probably little of it reaches the bowel, as it is rapidly 
absorbed, and other less irritant and less soluble bodies have therefore 
been substitute*d for it. Its use as a remedy in constitutional diseases 
is entirely obsolete. 

It may be prescribed as a pill or in capsules for internal u.se, as the 
solutions are more liable to cause irritation ; only the pure acid is 
prescribed cither for internal or external application. Crude carbolic 
acid maybe employed to disinfect stools, latrines, etc., and is quite 
unsuited for* therapeutic use. The ointment is comparatively seldom 
prescribed, as it is found more irritant than many other equally power- 
tUl antiseptics. The glycerite may be used as a very weak caustic. 



S(Jutions of carbolic acid in oil have little or no nutisoptic action, 
because they fail to penetrate into the microl>es. 

Poisoning. — In carbolic acid poisoning, when it has Ix^en taken by 
the mouth, the tirst treatment is the removal of the jH»ison by the 
stomach tube, and tlie administration of demiileents such as while of 
egg ; when absorption has occurred from the skin or from a wound, 
the dressing should be removed at once. lame suspended in syrup 
has been r<'commended in cases in which the acid has been swallowed* 
, in the hope that an insoluble combination may be formed in the stom- 
ach. The (ombination of phenol with suljdmric acid in the tissues 
forms a comparatively harmless body, and Ikiiimann and Pivnsse thon*- 
fore suggested the administration of sodium sn]])liat(^ iu large quanti- 
ties. It is found, however, that this is of little or no use, either I)ecause 
the tissues in which the synthesis oecairs are entirely paralyzed by the 
.ex(5ess of phenol, or more probably becatuse the phemd does not combine 
with sulphates as such in the bmly, but with organic sulphur com- 
pounds which are only in process of being oxidiztal to sulphuric acid. 
When coma and collapse set in, tin* patioiit is to l)e sustained by the 
application of warmth externally, and i)y the administration of such 
central nervous stimulants as caffeine, utroj)ine, or camjvhor ; artificial 
respiration may eventually be used, altliougli there little j)roHpect 
of resuscitation if the intoxication has advanccelfio far, Tlu* ettrrosion 
induced by carl)olic acid locally may be treattHl by washing the part 
with alcohol, which dissolves the acid readily. Alcoliol has also been 
used in cases in which the pc»ison has been swallowed, and tlie resulta 
are said to have l)ecu satisfactory. The alcM»liol oidy s(*rvt»s to dilute 
the poison and does not form any cianbination with it, so that it would 
seem advisable to remove the mixture by the stf>madi liihe. 
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Cresol. 

The three cre.sol.s arc nearly related to carbolic a< id ohemicany, and re- 
semble it very closely in their eflcHa. Mctacresol is b'ss ixh'soiioiih to imum- 
inals and les.s irritant, and at the same time to be mf»re destructive to 
microb^ than carbolic aciti. Orihocrcsul in more daiigeroim than curlfolic 
acid, and paracresol is the mo.^t jjowerful poi.son of all. The symptomH 
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produced by these bodies arc identical with those of phenol. They are ex- 
creted as cresol double sulphates mainly, but some appears in the urine as 
the sulphate of a more highly oxidized form, dioxytoluol. The cresols are 
coustituents of the tars and other crude antiseptic substances. They are 
only slightly soluble in water, and there has been some difficulty in render- 
ing them available for surgical use, but this has been overcome by forming 
emulsions (creo/m), or by dissolving them with the aid of salts {aolveol, sol- 
utol) or suspending them by means of soap (lyaol). These are not claimed 
to be pure preparations of cresol, but the three isomeric cresols have recently 
been introduced as tricraHol, which dissolves in water to the extent of 2J per 
cent. These preiiarations are not devoid of poisonous properties, as is often 
stated by interested individuals, but they are not so dangerous as carbolic 
acid. They are us(m 1 chiefly as surgical antiseptics, butcreolin has also been 
given as an intestinal disinfectant, although with indifferent results. Their 
value as surgical antisepti(%s has been denied by some writers and there is no 
question that it has been much overrated by others. Kresamine (ethylcndi- 
amine and tricresol) is said to be more strongly antiseptic than tricresol, and 
has been recommended in diseases of the skin as an ointment or solution. 

Cresol (U. S. P. ), a mixture of the three cresols, forms a colorless or straw- ' 
coIohmI fluid with a phenol odor. Holulde in 60 parts of water. Dose, 0.05 
c.c, (I min.). 

Lifjmr OresoHs Composifm (TI. S. P.), Cresol 50 percent, suspended in water 
by means ol* 8()ap, is used in a diluted form as a surgical disinfectant. 

Biblioguaphy. 

Scybold. Ztschr. f. Hygiene, xxix., p. 377. 


Thymol. 

Another phenol homologue is thymol, which resembles carbolic acid 
closely in its aedion, thougli it causes less central nervous stimulation. Con- 
vulsions and tremors arc* randy induced in eitlier frogs or mammals, and 
wlien prcjsent, ai*e very niuch less intense than those following carbolic acid. 
The animal generally sinks into a condition of apathy and weakness, which 
gradually passes into (!ol lapse and death. Thymol is less soluble in the 
fluids of the body, and is therefore absorbed more slowly than carbolic acid. 
It is also l(?ss irritant to wounded surface.s and is, according to most observ- 
ers, considerably im)re poi.sonous lo putrefactive organisms, while less pois- 
onous to the higher animals. In poisoning froin its use, fatty degeneration 
of the liver, marked congestion and even consolidation of the lungs, and ir- 
ritation of the intestines have been observed. It is excreted in the urine in 
combination with sulpliurit! and glycurouic acids, partly uiuhanged, partly 
oxidized to thymol hydnapiinone. There is also found hi the urine a green 
coloring subslanee, which becomes blue on the addition of acid, and which 
seems nearly related to, but not identical with indigo. Thymol is said to 
1)0 more liable to cause renal irritation than carbolic acid and albumin and 
even blood have been repeatedly observed in the urine after its absorption. 

Thymol (U. S. P., B. P.) occurs in common thyme 

and several other plants, and forms large, colorless crystals, which have the 
odor of thyme and are very insoluble in water. 0.03-2 G. (i-30 grs.) in pills, 
capsules, emulsion, or in solution in dilute alcohol. 

.riiyinol has been u.setl occasionally its an antise})tic lotion in per cent, solu- 
tion and as a mouth-wash and gargle, tor which carbolic acid is rendered un- 
suitable by its iin])loasant odor and its corrosive action. As an internal 
reim?dy it has proved a lailure in the treatment of various constitutional diseases, 
such as acute rheumatism, phthisis and typhoid fever. 

It has recently been high!} recommended as an anthelmintic for uncinaria or 
auchylostoma ; it given in capsules or emulsion in large doses, 2 G. (30 grs.), 
repeated in two liours, and followed in six or eight hours by a brisk saline puige. 
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Eucalyptol. 

Eiicalyptol is the chief oonstituent of oil of encnly]>tus, whi<‘h 

is obtained from Eucalyptus globulus and some other species. It is also 
contained in the oil of cajuput and in other volatile oils. It has been r<*- 
conimendc<l as a surgical antiseptic and in the .same class t»f internal diseases 
as thymol, but docs not seem to have any special virtues di.slinguishing it 
from the general class (»f volatile oils. 

Eucahfptol (U. 8. 1\), a colorless tliiid, having a ehara<*teristi«r, camphor- 
aceous odor and a pungent, spicy, cooling taste. It is almost insoluble in 
Avater, but is miscible Avith alcohol in all proi)orlions. 

Resorcin. 

The. throe dioxybenzols — resorcin, j»yrocatechin and hydro(|iiiii(me - re- 

semble carbolic^ acid in their ellects, but )>roduce a more inicnse stimu- 
lation of the central nervous system, for convulsions have betm o))s<‘rved in 
man after their use. This is especially true for the two last, n‘sorcin being 
much le.ss toxic than these. Kesoreiu set*ms to be etjually or more strongly 
antiseptic than plnaiol, and is someAvhat less poisonous. Avhile the (»!hers are 
more dangerous ; it is less irritant and caustic than carbolic atad. All thret* 
dioxybcnzols are excreted in the urine in ciunbimition with suljdniih* ami 
glycuronic acids. They are in part suhjecte<l to fiir(in‘r oxidation, leading to 
coloration of the urine similar to that st>eii in (airholi<* acid poisoning. Pvro« 
cat(*ehin and hydrocjuimuie Avhen added to hlood form meihaanoglohia iiiiich 
more readily than pheiml, and also tend to form it in tln^ body A\ln*n the 
intoxication <loe8 not ])rogrcss too rapidly to allow (»f this altta'ation in the 
living animal. They cause a much greater destruction of the red hlootl cidls 
than ]dieiioI. 

Remrriml (T. S. P.), resorcin, metadioxyheiizol (< «'olorlcsH, 
very sohihle crystals, Avith a faint aromatic odfir. n.lMltl <«. (5 JO grs.) ; l\ 
(I (45 grs.) in 24 hours. 

Kcsorciii is a rcmcily Avhich has fallen jnt<» almost complete disuse. At 
tii^t introduced as an autis<'ptic, it Avas prcscrihcd hu* a short lime as iiu 
ant!])yreti<r, hut has ])rovcd as unsuilahle for this jmrpose as carholic acid or 
aniline, Avhich reduce fever temperature, hut cause syinj*toijis ofcidlapsc very 
rc:nlily. It has been iisimI as an intestinal antiseptic and in rbeiiimitic fcA er, 
but lias here again hecn supplanted hy less dimgeroiis nuncdie.w. As an ex- 
ternal application, it lias heeii applied in oinfment (5-10 per ciuil.) in skin 
disease.*?, and has been injected in cystitis ami goiiorrluea in sfdution (I !5 
per cent.) but in botli ease.s is liable to produce irritation and pain. As an 
iiitenial remedy it should be prescribed in dilute sohiti*<ij (1-2 per cent.). 
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2. P 3 rrogallol. 

Pyrogallol, the only trioxybenzol that h^ been largely used, pro- 
duces nervous symptoms resembling those of carbolic acid, when given 
in very large doses to animals. In the cases of poisoning which 
have been observed in man, the symptoms closely resembled those 
caused by smaller quantities in animals, in that these nervous phenom- 
ena were almost entirely absent, and the poison acted not so much 
directly on the central nervous system, as upon the blood' corpus- 
cles. Many of the other members of this series cause some destruc- 
tion of the red cells, but none of them approach pyrogallol in the inten- 
sity of their effects. The red blood cells become shrunken and angular 
and lose most of their hsemoglobin, which escapes into the plasma and 
is changed into methajmoglobin ; the blood therefore assumes a brown- 
ish-red color, which may be detected in the living animal by the dis- 
coloration of the skin and mucous menibraiKis. If the intoxication is 
not too acute, icterus follows, and luemoglobin and methiemoglobinare 
excreted in the urine. In the blood, fragments of red cells and 

shadows,’^ or red cells dc]n*ived of their coloring matter, are seen in 
large mimliers, and the spectrum of metluernoglobin can be obtained 
easily. I^he kidneys are also affect<‘d, and tlie resulting nephritis 
is indi(5ated by the presence in the urine of albumin, epithelium, 
and casts, along with the products of the decomposition of the 
blood. The nephritis may lead to urtemic convulsions, which are 
sometimes aceoinjmnied l)y the nervous tremors characteristic of this 
scries, and also by dyspnrea and cyanosis from the lack of luemoglo- 
bin in the bloocl. The formation of metluernoglobin is generally be- 
lieved to be connected with the well-known reducing properties of py- 
rogallol, but whether the mi'thajmoglobin is a direct result of the 
reduction caused in the luemoglobin, or whether a secondary oxidation 
accompanies this action, is unknown. Pyrogallol is excreted in part 
in combination with sulphuric acid in the urine, in part as unknown 
oxidized products, which give the urine a dark brown or black color, 
even when no blood pigments are contained in it. In fatal ])oisoning 
death st«ms to be due to the blood changes, and the consequent ne- 
phritis and jaundice, rather than to the direct effect of the drug on 
the central nervous system. It has hoen stated that the d(»bris of the 
red blood cells fails to pass through the capillaries and thus leads to 
thrombosis, but this has been denied by later investigators. 

The skin is dyed brown when pyrogallol is applied to it, from the 
products of oxidation formed. 

Pyrogallol (U. S. P.), pyrogallic acid light, colorless crystals 

or laminic when freshly prepared, which rapidly assume a darker color on 
exposure to light and air. It is very soluble in water and reduces the salts 
of the heavy metals even in the cold. It is used only cxteimally. 

Pyrogallol is used in the treatment of several forms of skin disease, 
especially in i>soriasis, in which it is applied in ointment (5-20 per 
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cent.). It is dangerous to apply it to very large surfaces, however, 
and many authorities therefore advise the use of chrysarobin in its 
stead. Pyrogallol ought never to be used internally. Its curative 
action in skin diseases may be due to its slight irritant and antist*ptic 
properties, but is referred by some to its reducing action. (Jalhcrto- 
j>Ac>m)>ic (CHj — CO — C jH3(OH)j) has been recoiumonde<l as a substi- 
tute for pyrogallol in skin affections. 

BlKLKXrUAPlIY. 
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3. Naphtalin and Naphtol (Naphthol). 

Naphtaliii and its compounds alpha- and bcia-naphtol dilTor in somo 
rosjieots from the othor nu‘ml)ers of the .series. art^ all in.s()liil)le 

in water, hut the naphtbls are dissolvt'd in the alkalies. Some tjues- 
tion has arisen as to whether Naphtalin is really an antiseptic^ in itsedf, 
or whether it owt*s its activity to the formation of the more* 
soluble naphtols. Animals poisoiusl with it do not e.vhibit the oixli- 
nary symptoms of poi.sonin^ with an aromatics body, even when it is 
administered for several wee^ks, but sutler from diarrhoea and lose* flesh 
rapidly, eithc'r from disturbancH*. of the aliimaitary eanal or from n*nal 
disord(*r. The urinc! soon ctontains albumin, easts and <*{)ith<*liiim, and 
the* kidney is found in a condition of parcncJiymatoiis m^jihritis. Tin* 
changes in the eye caused l>y naphtalin and naphtol have excited some 
interest. The retina is seen with the ophtiialnn>sc*o|K» to he dottc*d 
ovt?r with numerous bright jHiints, or .sometimes to contain large* y<?llow 
phnpics, and after large doses subrctinal cdliision has l)et*n observed. 
At the same time, atrophy of the optic; nerve* may cK;enr, and bright 
]K)int8 are sc*eii in the vitrcjous humor similar to those in the retina. 
A slight eloudiness aj)p(*ars in the lens and incrcasc?s rajadly until it 
lH*c?onies ejnite opaepu* and rc*.seinblcs an ordinary c*atarac;t in man. 'J'his 
does not s(.»cm to l>e .sc*cjonclary to the retinal changes, but is the result 
of an inflammatory infiltration iK’giiming in the c^iliary l»ody and iris 
and extending into the Icms and finally into the posterior siirfac.*i;; of the 
cornea. Thcjse changes in the* eye have gcaiendly 1 h*c'Ii cjbserved in 
animals treatc.*d with large doses of naphtalinc* or naphtol, and have not 
occurred in such intensity in man; but v. d. Iloe.ve Htiite.H that com- 
mencing retinal degeiic;ration may be indijf*ed in man by the iisci of 
naphtol internally or externally and c*autioiis against its prolonged ad- 
mi nistmtion. 

Large doses of the Naphtols induce symptoms similar t/i thosc^ of 
cxirbolic acid jKiisoiiing, ex(x;pt that in the dog no CHuivulBionH have 
Ijeeii observed, and in the other mammals they seem less pronounced. 
They are irritating to the mucous mcmbnuic^s when they come in con- 
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tact with them in solution or in vapor ; thus they cause sneezing and 
coughing when applied to the respiratory passages, and in the course 
of excretion induce pain in the bladder and uretlira with strangury and 
swelling of the mucous membrane. Injected subcutaneously or ab- 
sorl)ed from the alimentary canal in animals, they induce acute nephritis 
with the appearance of albumin and hfemoglobin in the urine, and 
some nephritis has been caused in man from their external application. 
Tliey seem to have less effect on the circulation and respiration than 
the other aromatic antiseptics, but resemble them in tending to destroy 
the red cells of the blood, A1 pha-naphtol has been found to be more 
strongly antiseptic than the l)eta compound, and may be more poison- 
ous, as is generally steted, but no satisfactory investigation has appeared 
regarding this point. IJeta-naphtol is several times as strongly ger- 
micidal as (jarbolic acid, and is the form used in therapeutics. 

Naphtalin is partly oxidized in the tissues and appears in the urine 
as alpha- and beta-naphtol and naplito<}ninone, all in combination with 
glycuronic and sulphuric acjid. Tlie naphtols are excreted in combi- 
nation with glycuronic acid mainly. These IkkIIcs and their oxidized 
products give the urine a reddish-brown tint, whicli may become 
d(‘e|)er on (ixposure to the air, but in some cases it retains its ordinary 
color. 

PrEIM RATIONS. 

Naphtkalenum (IT. S. P.), naphtalin or naphtilene (Cj^Hg), colorless, insol- 
uble crystals with a coal-tar odor and a hot, aromatic taste. OrOO-O.S G. 
(1-5 gi*s.). 

Butanachtuol (U. S. P,), Naphtiioj. (B. P.), Beta-naphtol 
white or yellowish -white, insoluble crystals or powder, with a faint phenol odor 
and a hot tiiste. 0.2 -0.(5 G. (8-1 0 grs.). 

Therapeutic Uses. — Naphtalin and naphtol were at first introduced 
as external applications in |)arasitic skin diseases of various forms, but 
have been more extensively |)rescribed its intestinal disinfectants. In 
some disorders, such as diarrhcea, in which the walls of the intestine 
are only sceondarily affe(;ted by the putrefaction of the contents, they 
have proved very efficacious, but when the intestinal walls themselves 
arc the seat of the primary disease, as in typhoid fever and dysentery, 
they are of more doubtful value. They have been employed as an- 
thelmintics to a limited extent, and apparently wdth some success, 
though they have not proved so reliable as some of the older drugs 
used for this purjmse. Naphtol is more largely used than naphtalin in 
internal mcdiwition, and may be prc.scribod as a jwwder or in capsules. 
They are used externally as ointments (5-10 per cent.). Naphtalene 
and naphtol ought to be avoided in irritation of the kidneys, bladder 
or uretiira. 
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4. Tar. 

The action of the various criale prepanitions of tlio antiseptic stories 
resemble.s that of the pure principle.s hut a,s in most of them the c‘ih‘o- 
sols, gnaiacols and other less poisonous aroniat ic coni]>ouiuls ixvv present 
in larger (juantity than the phenols and tlioxyhcnzols, they are less 
poi.sonon.s than carbolic acid and its simpler honiologii(*s. At the same 
time these higher combinations do not seem to be much less antiseptic 
than the simpler benzol derivatives, so that s(‘veral of the crude pri'jm- 
rations possess considerable value in surgery and nuHiicine. 


JMtKPAKATloNS. 

Pix Liquida (U. S. 1\, B. I*.\ tar, is obtaiiMMi from tin* wooil of Pinu.s 
pulustris uml otluTspecMes of IStitis liy destruetivf* distillation and '*ontaiiis 
a very large nmnher of armmitie bodies mixed with »»thersof h*ss iinporiatn'e. 

Olevm Pirit< Liquidw (U. S. 1*.), oil of tar, is a volatih^ oil distilled fnmi 
tar, and is similar to ereosote, e.x<‘<*pt that it consists almost entirely of 
guaiticols ami their eompounds. 0.05-0.3 e.e. (I o mins.). 

Sift'itpits Liqaidiv (U. S. P.), synipof tar, 4-12 e.e, (1-M tl. tlrs.). 

Ihiffueutum ViriH lAqnidtv (U. S. P., B. P.). 

Pix Cavbonis Prsvparata (B. 1'.), preparctl coal-tar. 

Liquor Picin Carbonia (H. J*.), a sululion of coal-tar in tincture of Qnil- 
laia hark. 

Oleum Cadinum {V. S. P. , B. P.), oil of cade or cmpyrciimatii* oil of juniper. 
Juniper tar oil is tin* tar distilled fnnn the juniper, ami fH>ntains dioxybcn/ol 
and guaiucol comhinatioiis. It is less strongly disiiifectniil than the other 
bus. 

Tar is a valuable disinfi^ctant, Avliicli is very generally available and 
is much cheaper than tlie purer bodies of tin* firomatiir H(*rit»s. It may 
be usihI for the dj.sinfectioii of exereiiieiita, latrines, oU\f w liere the cost 
of even crude carbolic acid would be prohibitivt*. 

Tar has also l»een used xvitb considerable success as an antiseptic in 
skin diseases, in wliieh it may be applied I'ilher alom* or as an oint- 
ment. It is only sliglitly irritating to tln^ skin, and sonn* absor|ition 
occurs, as is often scon by the dark color of the urine. Internally it 
ha.s been used occnsioiially as an anthelmintic ami intestinal <lisinfee- 
tant, nuich more fretpiently as an “ ex|Kretonint in cough mixtures. 
AVhether it has any effeets on the hnigs or not in thew! eases may be 
questioned. It is generally given as the syrup, sonietimes as tar water. 
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Oreosote. 

Creosote may be regarded as a wood-tar from which the more 
poisonous phenols and the less volatile bodies have been eliminated, 
leaving guaiacols and creosols as the chief constituents. Its action 
is similar to that of carbolic acid, except that it has less tendency to 
induce nervous symptoms, and is less irritant and poisonous. On the 
other hand, it seems at least as strongly antiseptic as carbolic acid, and 
according to Some investigators, far excels it as a germicide. 

Preparations. 

Oreosotum (U. S. P., B. P.) is obtained from wood-tar, preferably from 
beech tar, and is an almost colorless oily liquid with a smoky odor and hot, 
burning acrid taste. It is slightly soluble in water, but mixes readily with 
alcohol. It tends to darken in color when exposed to the light. 0.05-0.3 
c.e. (1-5 mins.). 

Aqua Creosoti (U. S. P.), a very dilute solution of creosote in water, less 
than one per cent. 2-8 c.c. (i-2 fl. drs.). 

Miatura Creoaoti (B. I*.) containing spirits of junii)er, J-l fi. oz. 

Unguenlum Creoaoti (B. P.). 

Creosote may be administered in pills, capsules, in solution in alcohol or 
cod-liver oil, or Jis a mixture (B. P.). The wine of creosote, whicli has been 
a popular remedy, contains it dissolved in wine along with some brandy 
and tincture of gentian. It ought not be allowed to reach the mucous 
membranes in a concentrated form, as it is liable to irritate them. 

Therapeutic Uses. — Creosote is comparatively seldom used except 
in the treatment of pulmonary phthisis and gangrene, and chronic 
bronchial inflammation. It is genemlly given by the mouth in these 
cases, but has also been injected liyjiodermically or into the rectum ; the 
vapor is recommended as an inhalation, and some practitioners have 
injected creosote solution into the trachea, in order to ensure its reach- 
ing the lungs. None of these methods are believed to give such good 
results as the ordinary administration by the mouth. 

The results of creosote medication are still disputed. Many clin- 
icians state that a general improvement follows it in phtliisical pa- 
tients, that the appetite is improved, the cough and expectoration les- 
sened, and that the patient feels stronger and better. On the other 
hand, others are extremely sceptical as to any benefits arising from 
creosote, and rcgsird it as merely one of the countless remedies which 
have Ixieii recommended in this condition, and which after a shorter 
or longer period of popularity have passed into oblivion. 

It is generally supposed by the advocates of the creosote treatment 
that the remedy destroys the tubercle bacillus in the lungs through its 
antiseptic properties. On the other hand, animals infected with tubercle 
and treated with creosote die as soon as controls which are untreated, 
and the sputum of phthisical patients treated with creosote is as viru- 
lent as that of others not so treated. Besides, the administration of 
creosote by other ways than by the mouth is said to be very much less 
efficacious. Another explanation of the creosote action is that it acts 
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as an intestinal antiseptic ami prevents the socoiulary iufi'otion of the 
bowel; but it has hem objected to this that tlu^otlur intestinal anti- 
septics are of little value in tuberculosis. It swnis useless to siu^eu- 
late on the method of action until it has been definitely detennined 
that creosote is of value in phthisis,^ and this <‘an bo Ilone only by 
careful statistical in(|uiry. The medical profession seems to have \mu^\ 
less faith in the efficacy of the creosote treatment than it had a few 
years ago, when it was not generally reeognizwl that pulmonary tuber- 
culosis is curable by hygienic measures in a considerable pro|H»rt ion of 
instances. 

Creosol, an ether of dioxytoluol, is eonUiiiiiMl in i*reosot<» an 4 l other woml- 
tiu*, and has, us far us is known, elleets .similar lt» those of the allied luKiies, 
hut has not been iiivesli^ited .so earefully as .some of tlH-f ol hoi’s. 

Guaiacol, the methyl etlu’r of pyrKvaieehin, seems li> ho somewhat inon? 
poisonous than earholic aeitl aeeordiii^ to Marfiui, whose ])ri’jmraiii>nH, 
however, were by no moans pure ; the sym{it4)ms iiidueeil were lliose eliuruetor* 
istie of the series. It is excreted in the mrine in coinhiiiation with suljduirie and 
glyeuronii* uehls. 

Ouaiacol Carbonate seems U) have the Siime edects u» guaiae«)l, into wliirh it 
i.s deeom|)o.se<l in the intestine. 

It was found a few years ag<» that guaiaeid applied to the skin ovith sulfieieiUly 
wi<ie area j)ro<lueed a marked fall of lemperatun* in fever, hut this d<K‘H not seem 
to be any speeifie efleet <d'guaiacol, uml wtmid pmhahly have residiiMl from the 
appli(‘ation of any other equally volatile imonher of the group, 'rhe (‘Xplamitioii 
is that a certain proportion of the guaiacol applietl is .ihM^rhed from the skin, and 
the fall of h’liiperature is one of the .symptoms f»f ]>oisoi)ing. t 'oiisidi’rahle 
quanlitie.s of guaiacol have been reeoVi‘red from the iiriiie alter this method of 
iiiediiation. Tlie fall of hunperature is generally abrupt and is aerompanitsl by 
some exhaustion and weaknes.s, and hy pridiisi* persjiiratioii. 'fhe tiMiiperature 
soon rises iigain h) its former height with shivi ring iiiid rigors, ami there seetuH 
g4)od reason, therefore, why guaiacol should not he classed among tlnf more HJilis- 
fact ory am i j )y ndic.s. 

Guniiwol (U. vS. P.), Oil colorless crystals, or fluid with ail 

agreeable aromatic odor, soluble in jiarts of water uml in alcohol. Itom*, 
0.r» c.e. (S mins. ). 

(lUaiaeol Inis Im-cii arlniinistered as a substitute for creosote in tuher<’ular 
disease. It is generally given in .’<oluti<»ii in alcohol or cod-liver oil, or in pills. 
It lias been injirtcd liypodermically. 

Gualncofis Oirbomu* (IJ. iS. P. ) ((( ^ui ahiiosl. lasteless powder, ii 
given in cachets in doses of 0.2”().5<i. 8 gn*. ; in pulmonary jdilhisis. 

Ichthyol 

Ichthyol, thiol, and similar hodiits posacss some antisepfie act ion, although 
they are believed to lx? less pow<*rful than carlxdic. acid. Applii^d U* I hi? skin, 
ichthyol causes .slight irritation, which is apparently of iKunffit in some cu- 
tiiiieou.s diseases, and it has therefore been used exti-nsively for this action. 
It is sail! to cause marked contrac’tioii of the vi-sm’Is wlien it is applied 
locally, hut this requires confinmition. A certain amoiint of ul»sonit)on 
curs when it i.s nibbed into the skin, for the sulphur of the urine lias been 
found to be augmented. Taken intenially in large, ipiantities, it lic.ts os it 
gastnc and intestinal irritant and priMluces dianho^o, but it is only vt?ry 
feebly poisonous. It has been sahl to lessi-n to a marked extent the nitro- 
genous metabolism, but this seems inoorrwjl, for Hebiiers found only a very 
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slight and inconstant fall in the nitrogen of the urine in man. It is ex- 
creted in the urine and probably by the intestinal wall. 

Ichthyol has been strongly recommended in the treatment of a number of 
skin diseases, including erysipelas. It is generally used as an ointment con- 
taining equal parts of ichthyol and of vaseline, but may be used in ten 
per cent, or even weaker dilution. It has also been advised as an applica- 
tion over inflamed and rheumatic joints, indurated glands and swellings, and 
chronic inflammations of the pelvic viscera, and is said to cause the absorp- 
tion of the products of inflammation. Its effects can be explained in 
these cases only by the slight irritant action on the skin. It has been 
given internally in pills or capsules in doses of 0.2-0. 5 G. (3-8 grs.) in cases 
of rheumatism, erysipelas, and in many chronic diseases, but seems of very 
doubtful benefit. In fact, ichthyol has in the last few years been enthusiastically 
praised as a remedy in the most diverse conditions, and it seems probable that its 
sphere of utility will be very much more restricted in the future, if it does not 
disajqiear from therapeutics entirely. 

BrinJCKlRAPHY. 

It. AheL (Jcntralhl. f. Hacteriologic, xiv., p. 41.3. 

Zudze.r. Moniitsli. f. ])nikt. Dornuitologie, IHSf), p. 647, 

IJdnuirH, Virchow’s Arch., cxxxv., p. 135. 

5. Salicylic Acid. 

Salicylic acid differs from phenol chieHy in being very much less 
poisonous to the liighcr animals, while it is practically of equal an- 
tiseptic value, [irovided the conditions are favorable. The salicylates 
produce the same effects as the free acid, excepting that they are 
much less irritant to the skin and mucous membranes. It was for- 
merly shitod that the salicylate of soda, which is the only salt that has 
been largely used, was devoid of antiseptic action, but this has been 
shown to be incorrect. 

Antiseptic Action. — Salicylic acid retards the digestion of proteids 
by the gastric and pancreatic juices, and the decomposition of gluco- 
sides by the unorganized ferments, but how far this effect is due to the 
fVi^e acid, and how far to a specific anti ferment-action, cannot be defi- 
nitely stated. *^1110 jnitrefaction of proteid solutions, and the alcoholic 
and acetic acid fermentations are also retarded, or entirely prevented 
by the presence of comparatively small quantitie.s of salicylic acid or of 
the salicylates. They offer some jioints of contrast with carbolic acid, 
hoNvever, for it is found that if much proteid be present the salicylic 
preparations are genemlly less efficient than phenol ; this is perhaps 
due to the phenol being volatile and thereforc penetrating more readily 
and forming less stable combinations with the proteid. Salicylic acid 
on the other hand does not evaporate, and therefore preserves bodies 
which are exposed to the air for a longer time than carbolic acid, 
which is soon dissipated. These considerations may perhaps explain 
the very different results w^hich have been obtained by different ob- 
servers in regard to the comparative germicidal power of these sub- 
wstances. The movements of plant protoplasm, protozoa and leucocytes 
are prevented by salicylic acid as by quinine and the other aromatic 
antiseptics* 
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Irritant Action. — Salicylic acid is much less irritant than phenol, 
but when it is applied for some time as a powder to wounds, mucous 
membranes, or even the skin, it may induce the vsaine corrosion and 
necrosis as have been mentioned under carbolic acid. In solution it 
has a destructive action on the horny layer of the epidermis, which be- 
comes softened and easily removed, without any noticeable irritation 
having been induced. It sometimes Ciiuses soreness and irritation of 
the mouth and throat when swallowed in j)owder, and congestion and 
even erosion of the mucous membrane of the stomach have been ob- 
served. In dilute solution, however, the acid has no such etVect, and 
even comparatively concentrated solutions of the salts seem almost 
devoid of corrosive properties. 

Symptoms. — Salicylic acid and its salts are rapidly absorbed from 
the stomach and intestine, and as a general rule ])rodii(*e no symptoms, 
unless when given in very large doses. Some ikidividuals, however, 
are peculiarly sensitive to the action ol‘ salicylic acid, and in these, 
comparatively small doses are followed by symptoms whieh are gen- 
erally of only slight importance, but wbieb an* sometimes suflicienlly 
grave to cause anxiety, and in very rare (‘ases have b(*en followed by 
death. 

The ordinary symptoms arc a feeling of heaviness and fuln(‘ss in the 
head, with liissing or roaring sounds in the cal’s (»xa<?tly resembling 
those produced by quinine. These may be Ibllowed by some confusion 
and dnlncss, and by indistinct sight and liearing. Very often lh(» 
patient complains of excessive perspiration and a sense ot‘ warmth all 
over the body. Dyspnoea, marked by exee(‘dingly deej) and labored 
respiration, lias been noted in more serious ens(»s of poisoning, and a 
condition of collapse with slow weak pulse, subnormal tempcratiir(‘, 
and partial or complete nneonsciousness may follow. In others, de- 
lirium and hallucinations of sight and hearing have oeeurred, these 
being more frequently seen in chronic alcoholic patients and in cases 
of diabetes than under other conditions. Albumin, casts, and even 
hasmoglobin and blood in the urine have been not(*d as scqiitjla). Vari- 
ous forms of skin eruptions have Iw^en descrilicd as ociairriiig under tlie 
use of salicylic acid, soinetiraes after a single dose, but much more 
frequently after prolonged treatment. They rescaiible those s(‘en under 
the antipyretics, but seem to lie less frequently elicited by salicylic 
acid. Abortion has been repeatedly observed under salicylate ireut- 
ment, but, as in the case of quinine, it seems open to(|ueslioii whether 
this was due to the remedy or to the disease. fltem«»rrhag(;.s from the 
uterus, nose, mouth and intestine have also been credited to the action 
of this drug, and, in foot, nose-bleeding has been said to occur in a 
considerable proportion of the cases treated with it. Numerous other 
symptoms have been noted after salicylifs acid, but so rarely that a 
doubt may be entertained as to whether they were not due to some 
special condition, or perhaps to some impurity in the drug. 

In animals, salicylic acid injected iiitnivenously causes some acfXiler- 
ation of the pulse and respiration, follow'ed by slowness and weakness 
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of the heart, and often by marked dyspnoea. Depression of tlie central 
nervous system is shown by slowness, weakness and incoordination of 
the spontaneous movements, and eventually by stupor and arrest of 
the respiration, which is generally preceded by convulsions. Photo- 
phobia and clonic spasms have been observed in some dogs. Hyper- 
fismia of the kidney, liver, brain and tympanum are sometimes found at 
the autopsy on dogs poisoned with salicylic acid, and when the drug 
has been given in powder, congestion, irritation and necrosis of the 
gastric mucous membrane. This irritation of the stomach often 
muses vomiting in dogs, and the poison being thus eliminated, no 
further symptoms appear. 

In the frog, salicylic acid produces quickened respiration and in- 
creased reflexes, followed by depression of the spontaneous movements, 
tremor and clonic contractions. I'he heart is slow, dilated and weak. 

The symptoms elicited by salicylic acid and its salts are therefore 
very indefinite, and with few exceptions occur so seldom in man that 
they may be discussed very shortly. 

Tlie Disorders of Hearing have been ascril)ed to congestion of the 
Lympanum, but may perhaps indicate some changes in the nerve cells 
of the ear analogous to tliose observed under quinine. As a general 
rule they pass off in the course of a few hours or days, but they some- 
times leave a more or less permanent im{)airment of the sense of hear- 
ing. The Dimness of Sight, sometimes amounting to complete blind- 
ness, is due to vascular or retinal changes in the eye (see Quinine), and 
some disturbance of the eireulatiqn of the brain and head may be the 
cause of the clulness and fulness of the liead complained of, and of the 
not infrequent opistaxis. Maragliano showed by plethysmographic 
mojisureinents that the Vessels of the Skin arc dilated by salicylic acid 
in the same way as by the antipyretics. The exact mechanism by 
whieli these alterations in llu^ distribution of the blood are produced is 
unknown, but the most probable cxj)lanatk>ii would seem to be that 
the vaso-tlilator centres in the medulla controlling these areas are excited. 

The general Blood-Pressure is found to bo increased by small quan- 
tities of the salicylates from stimulation of the vaso-eonstrictor centre, 
while after very large injunctions into the blood vessels, the pressure is 
lowered, partly perhaps from <lepression of the centre, but mainly from 
the cardiac action of the drug. 

Small quantities are found to accelerate the Heart in animals in the 
same way as small doses of the other aromatic bodies, apparently from 
direct action on the e^irdiac muscle. A^erv large doses produce a slow, 
weak, and dilated heart, and a corresixniiding fall in the blood-pressure. 

The acceleration of the Respiration and the dyspueea, which have 
I>een noted occasionally in man, seem to Ixi due to* some central action. 
In animals the respiration is first accelerated to some extent, and then 
slowed, and some observers have attributed the acceleration to irrita-. 
tion of the endings of the pneumopstric nerves in the lungs, without, 
however, bringing forward any satisfactory evidence in support of this 
explanation. It is inore probable that the respiratory centre is first 
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excited and then depressed, and eventually paralyzed by very large 
quantities of the drug. Death seems to be due to this paralysis, the 
heart continuing to beat for some time afterwards. 

The efiects of salicylic acid on the Central Nervous System seem to 
be comparatively slight, except in cases in which a special idiosyncrasy 
exists. No such convulsive action as occurs under others of the aro- 
matic series has been observed under it, and in animals there seems no 
marked depression save in the medulla oblongata. The convulsions 
which are observed before deiith, are probably not due to the direct 
action of the drug, but to the asphyxia. In the iiiedulla oblongata the 
respiratory and vaso-constrictor centres, and probably the vaso-dilator, 
seem to be first stimulated and then depressed. In the frog depres- 
sion and paralysis of the spinal cord are produced by large doses. 

The Perspiration which so often follows the administration of sali- 
cylic proparations, may be due in part to the dilation of the skin ves- 
sels, but is probably to be ascu-ibcd rather to inci’cascd activity of the 
sweat centres. Some of the Skin Kashes may also bo caused by the 
dilation of the cutaneous vessels, and pei haps in all cases this may be 
looked upon as a favorable condition, which leads to eruptions in ijidi- 
viduals who are predisposed to them. 

Tlie peripheral Muscles and Nerves do not seem to be more affected 
by salicylic acid than by the other members of the series. 

Salicylic acid and its salts increase to some extent the Secretion of 
the Urine, probably through a direct action on the renal cj>itlu‘lium, 
although the increased formation of urea may also play a part in the 
slight diuresis. Irritation of the kidney and nephritis arc obscTved 
in some cases, with the appearance of albumin and blood in th(‘ urine. 

The salicylic preparations produce a slightly augmented flow of 
Bile, apparently from some specific action on the liver (jells. The 
increase is so small, howcvc^r, that some doubt is expnjsscd by most 
writers on the subjcjct. Pfaff found tliat in one (;ase of biliary fistula 
in man the concentration of the bile was also increased, the solids 
being augmented in gremter proportion than the fluid. 

Salicylates have been said to lower the normal Temperature, but 
this seems to be erroneous, except when very large (juantities produce 
a condition akin to collapse. Sonic of the results may also be du<* to 
the use of impure ]>rcparation.s. In fever j)aticnts, however, it often 
causes a marked fall of temperature, and it was formerly usexi as an 
antipyretic for this reason. The action is probably explaiiKjd by the 
dilation of the cutaneous vessels and the increastj in tlie output of h(*at. 
(Sec Antipyretics.) Dilation of the skin v(\ssels also occMirs in normal 
persons after salicylates, but this is probably counterbalaiKjed in them 
by increased heat formation. The fall in temp<*niturc after salicylic 
acid is generally less in extent and of shorter duration, than that fol- 
lowing the members of the antipyrine s(?ries. 

In its passage through the tissues, salicylic a<jid modifies the Meta- 
bolism, as is shown by an increase of 10-12 per cemt. in the nitrogen 
and sulphur of the urine. This indicates a considerably augmented 
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decomposition of the proteids of tlie body, but whether it is accom- 
panied by increased oxidation is unknown. A still more notable 
augmentation of the uric acid excreted has been observed, different 
authors estimating it at 30-45 and even 100 per cent. The number 
of leucocytes in the blood has been found to undergo a corresponding 
increase. 

The form in which salicylic acid circulates in the blood was for- 
merly the subject of some discussion, owing to the erroneous belief that 
its salts were devoid of antiseptic action. It is now known to exist 
in the blood as the salicylates of the alkalies. Gaglio states that it is 
taken up from the blood l)y the synovial membranes and rapidly ex- 
creted into the caviti(js of the joints, and is thus capable of exercising 
a specific action in acute rheumatism. It is Excreted by the kidneys, 
for tli(j most part in a combination with glycocoll, which is known as 
salicyluric abid, and which is strictly analogous to liippuric acid. 
Some of the salicylic acid is excreted uncombined. It has also been 
Ibuud in the milk, jxirspi ration and bile, but does not appear to be ex- 
crcdicd into the stoimujli. 

Several (iompounds which owe their virtues to the salicylic acid 
radicle are uscid in miidicine, and all produce similar results after ab- 
sorption, but vary in their locjal action. Methyl Salicylic Ester, which 
occurs in many plants and forms soine 90 per cent, of the oil of winter- 
green, and almost the whole of the volatile oil of birch, has a hot, 
burning taste, and like other volatile oils produces a feeling of warmth 
in the stomach. In many cases it is well borne, but some patients 
complain of pain in the stomach, loss of appetite and even nausea and 
vomiting. It is rapidly absorbed and produces the charaeteristic 
symptoms of salicylic acid in large doses, roaring sounds in the ears 
and more or less <leafncss. It is partly excreted as salicyluric acid, 
the decomj)osition probably occurring mainly in the intestine. 

Salol, the |>henyl salicylic ester, is a very insoluble, crystalline body, 
whhjli has little or no local action in the mouth or stomach, but is de- 
composed in the intestine by the fat-splitting ferment of the pancreatic 
jnice. Some decomposition also appears to occur in the stomach, at 
any rale under certain conditions. The products of its decomposition, 
salicylic and carbolic acids, are absorlx^d and produce their usual 
effects. Salol is used chiefly as a substitute for salicylic acid, but the 
formation of phenol from it in the body must not be overlooked, for in 
several cases of dangerous poisoning which have been observed under 
it, the symptoms were those characteristic of carbolic acid, and the urine^ 
became dark in color from the phenol oxidation products. In moderate 
quantities, salol produces the disturbances of hearing observed under 
salicylic acid, without any symptoms of carbolic poisoning. 

Other sarK?ylic acid compounds, similar to salol, are beiol or napjitalol 
(the beta-iiaphtol salicylate), vremlol (cresol and salicylic acid), tAi/wio- 
mlol (from thymol), t/naiavofmfoly while mliphen, m<Uakiney etc., have 
been mentioned am*'iig the antipyretics. They are less poisonous than 
salol, and may be useil for most pur[>oses as substitutes for salicylic 
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acid. Saliphen, malakine and their allies have a move powerful anti- 
pyretic action than salicylic acid. On the other hand, the salicylic 
esters, including methyl and phenyl salicylates, are less antiseptic than 
salicylic acid and its salts. 

Salicin, a glucoside found in many species of willow and poplar, is 
decomposed into salicylic alcohol, which is oxidized to salicylic acid in 
the body, so that its action after absorption is similar to that of the 
acid. It is unknown whether the decomposition occurs in the alunen- 
tary canal or in the tissues, but from the fixct that it is excreted mainly 
as salicin when it is injected intravenously, it would seem probable 
that the decomposition, like that of the ordinary esters, takes place 
chiefly in the intestine. It is very bitter, but does mit irritate the 
mucous membranes, and is not so 3^rtain in its action as salicylic aci<l 
and some of its esters. ^AVhen administered by the mouth it is excreted 
in the urine partly as salicin, partly as saligenin or salicyl alcohol, and 
partly as salicylic and salicyluric acids. 

Preparations. 

Acidum Salicylicum (U. S. P., B. P.), salicylic acid (CJT/)ll(X)On) 
small, white, ncedle-likc crystals, or a light crystalline powder, mlorlcss with 
a sweetish, afterwards acrifl, burning tasU^, slightly soluble in water, very 
soluble in al^cohol or ether. A reddish tinge indicates the j>rc*senee of car- 
bolic acid or other impurities, and salicylic. m*id for internal use ought to he 
entirely colorless.* Halicylic. acid is much lAore .soluhh^ in solutions of iicu- 
tml salts, such as the borates or citrates, than in i)ure water. 0.,‘5~2 (J. (5-:i0 
grs.). It is generally given ifi capsules or tablets. 

IJnguentum Acidi Salieylici (B. P.), 2 per cent. 

SoDii Halicylas (U. S. P., B.'P.), sodium salicylate (C^IT/lHOOONa), a 
white odorless powder with a .sweetish tistc, very solubh* in water, less so 
in alcohol. 0.0-2 G. (10-30 gi*s.) in cap.sulcs or tablets, or dissolved in 
syrup. 

Lithii Salicylas (U. S. P.), 0.3-2 G. (5-30 grs.). 

Ammonii Salicylan (U. 8. P.), 0.25 G. (4 grs.). 

Strontii Salicylaa (U. 8. P.), 1.0 G. (15 grs.). 

Oleum (jaultherm (LJ. 8. P.), oil of winlcrgrecn, a .colorless or yellowish fluitl 
with a characteristic, j)k*asaiit odor and a sweetish, aromatic taste, insoluble in 
water, soluble in alcohol, contains 00 per cent, of methyl salicylate. 0.3-1 c.c. 
(5-15 mins. ) in emulsion or capsules. 

Oleum Betulfv, (U. 8. IM, oil of sweet birch. 

Methylis JSalicylas (U. 8. P.), artificial oil of wintergreen (0<jH/>Jl(X)OGlJj,), 
is practically identical with the oil of sweet birch ami forms OO^per cent, of 
the oil of wintergreen. It may be prescribed in tin* saiin? dos4?s and forms 
as the latter. 

SpirifuH GauUherm (IT. 8. P.) is u.sed aswflavor childly. 1 c.c. (15 mins.). 

Saiicimm (U. 8. P., B. P.), .salicin (<;,,lI,,()X)C,.H,CH./.>lih gluijoside 
obtained from several species of willow and jiopisir, consists of white, silky, 
crystalline needles, with a very bitter taste, sohilile in 28 parts of water. It 
is decomposed by ferments into glucose and .saligenin or salicyl alcohol 
(CgH/3HCHjOH). 0.5-2 G. (8-30 grs.) or more every 3 or 4 hours, given 
in powder, cap.sules or in solution, which, however, is very bitter. 

* Salicylic acid formed aynthetically from phenol is often said to b<^ more poinonons 
than that obtainerl from the oil of wintergreen (methyl aalicylate), but tliih is due not 
to any difference in the acid, but to the presence of cifrbolic acid and other impurities 
in the artiffeial preparation. 
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Salol (B. P.), Phexylis Salicylas (U. S. P.), plienyl salicylate 
OHCOOCjHg), a white crystalline powder, odorless or faintly aromatic, almost 
tasteless, almost insoluble in water, decomposed by the pancreatic juice into 
salicylic acid and phenol. 0.5-2 G. (5-30 grs.) in powder or capsule. 

Aspirin or acetylsalicylic acid, is very slightly soluble in water and has a 
niore pleasant acid taste than salicylic acid but offers no further advantages 
over it. It is decomposed into salicylic acid in the intestine. Dose, 2-3 
G. (30-40 grs.). 

Therapeutic Uses. — Salicylic acid and the salicylate of soda were at 
one time used to a considerable extent as antiseptics in surgery, and in- 
deed promised to supplant carbolic acid for this purpose, as they wore 
less irritating and also less poisonous. TJicy have been less used of 
late years, and although bacteriological experiment has shown that the 
acid is at least as destructive to the pyogenic organisms as carbolic 
acid, most surgeons find it less satisfactory in practice.' 

Salicylic acid is o(5casiohally applied locally in excessive sweating, 
and has also been used in various skin affections in which it is desir- 
able to soften or partially dissolve the epidermis. Both acids and salts 
arc absorbed too ra[)idly to act as intestinal disinfectants. 

In 1875 it was found to have antipyretic ])roperties, and for a few 
years it was used as a gciuerul antipyretic in fever, but has been entirely 
supplanted for this purjiose by the more recently discovered antipyrine 
series. It was also suggested as a substitute for quinine, but has no 
such specific action on the malarial orgaiiLsnis. 

The chief s|)h(jre of usefiilne.ss of salicylic acid at the present time 
is in the treatment of acute rheumatic fever, in which it seems to have 
a specific action only excelled by that of quinine in malaria. Other 
members of the aromatic series have some effect in this condition, but 
none of them equal the salicylic preparations in efficacy. Under this 
treatment the pain and swelling in the joints rapidly lessen, the tem- 
perature often falls, and the coiu'se of tlie disease is shortened. It is 
still debated whether the salicylic treatment reduces the liability to 
endocarditis and pericarditis, which are common complications of acute 
rheumatic fever ; some clinicians even state that it increases the risk 
of these complications, while othci’s advise the discontinuance of the 
treatment when any symi)toms arise from the heart. The view more 
generally ^aitertaiiKHl, however, is that the cardiac affections are less 
often met with and are less severe under salicylic treatment, and very 
often it is continued in small quantities even after the heart is undoubt- 
edly involved in the disease. The remedy sometimes fails in rheuma- 
tism, as quinine docs in malaria, and it sometimes acts more satisfac- 
torily in one joint than in another. Large doses (1-2 G. or 15-30 
gvs.) repeated every 2-3 hours are necessary in some cases at first, the 
quantity being reduced as the symptoms abate. Salicylic acid is less 
frequently used than the salicylate of soda or salol, but some clinicians 

JSalicvlic acid has been used ven^ laigely as a preservative in wine and beer. No 
evil effects have been definitely slumn to follow the prolongwl use of liquora thus 
treated, but it is not impiwstble that they may be injurious, and several governmente 
have foimd it advisable to prohibit its use for this pur|)ose. 
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bold that tlie acid is the most efficient of the three. Oil of winter- 
green may also be used liere, but, like salicylic acid, is more liable to 
cause gastric irritation. When high fever is present the antipyrc^tio 
combinations of salicylic acid, such as malakiiie, may l3c used with 
advantage. Salicin is less disturbing to the stomach than the other 
preparations, but is less certain in its effects and has to be given in 
larger quantities. 

Salicylic acid has also been used in the various forms of disease 
which are roughly classifie<l as rheumatic — chronic rheumatism, arth- 
ritis, neuralgia, myalgia — but the effects are less satisfactory tlian in 
acute rheumatism. The lithium salt is contained in the IT. S. P. 
because lithium is erroneously credited with a special solvent action on 
the uric acid in these diseases. 

In other acute constitutional diseases accompanied by fever, salicylic 
acid is of less value than in acute rheumatism so that it would appear 
that it has a specific action on the unknown cause of this malady. 

Salicylic acid in some cases promotes the absorption of (‘ffusions into 
the serous membranes, such as the pleura, and also subrctinal effusion. 
It is unknown how this is effected, but it scarcely seems probable that 
the slight diuretic action of the drug is sufficient to account for it. 

The cholagoguc action of the salicylates is quite inconsiderable in 
comparison with that erf the bile itself, and in any <?ase in which an 
increase of the bile secretion is desirable, recourse should be had rather 
to the latter. It has recently been suggested by Kiihn that the salic- 
ylic salts excreted in the bile may retard thi^ growth of ini(;robes and 
thus prove of value in the treatment <»f liver and gall-bladder infections. 

The solubility of the salicylates and their ra])id absorption precludes 
their use as intestinal antiseptics, but salol has been used to lessen 
putrefaction in the bowel, and even to act U|)on the bacilli of tyjdioid 
fever and of tubercle infecting tlie intestinal wall. Kumagawa, how- 
ever, states that the putrefaction in the bowel as measured by the in- 
dican in the urine is unchanged by its administration, and he found 
enormous numbers of bacteria in the fajces afterwards. It certainly 
seems of little value in typhoid fever or in tuberculosis of the intes- 
tine. Intestinal calculi have been formed in a few instances from 
prolonged treatment with salol, which failed to be decomposed in the 
intestine and formed masses of considerable size. 

Salol was at one time supposed to be absorbed only after its de- 
composition in the intestine by the pancreatic juice, and Ewald there- 
fore suggested its use as a means of diagnosing stenosis of the pylorus. 
He supposed that in cases in which the food was delayed or prevented 
from passing into the intestine, the reaction of salicylic acid in the 
urine would apjKjar correspondingly late or be entirely absent. But 
some salol seems to be absorbed from the stomach, and, on the other 
hand, the interval between its administration and the appearance of tlie 
salicylic reaction in the urine is so variable in normal individuals 
that the test is of little value. Salol has been used to coat pills and 
prevent their solution in the stomach. 
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Salol has some value as a genito-urinary disinfectant, partly owing 
to the salicylic acid component and partly to the phenol developed. 

It is used as a substitute for salicylic acid in rheumatic fever, as has 
been mentioned, and has the advantage of being tasteless and of pro- 
ducing no irritation in the stomach. On the other hand, the consid- 
erable amount of carbolic acid freed by its decomposition has. given 
rise to poisoning in some cases. Externally it is of little or no value 
as an antiseptic, as it is only active when decomposed by the microbes 
which it is designed t(j destroy. 

Salicin is used as a substitute for salicylic acid only in rheumatic 
fever. It has been ])rescribed as a stomachic bitter. 

Salicylic preparations have to be used with care where any symp- 
toms of renal irritation are present. In cases of poisoning, the treat- 
ment is determined entirely by the symptoms, and no antidote is 
known, (llycocoll lias been suggested for the same reason as the sul- 
j)hates in jdienol poisoning, but would ju'esumably be of no greater value. 

Methyl salic^ylate, or oil of wintergreen, is often applied locally in 
rnuscuilur and articular rheumatism, it being supposed that larger 
quantities thus reac^li the focnis of disease than when the drug is taken 
by the mouth. Absorj)tion certainly occairs through the skin, as is 
proved l)y the apjxuirance of salicyluric acid in the urine. But irrita- 
tion of the skin is liable to b(‘ excited, and the value of the salicylates 
is doubtful in thes(i diseases.* 
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Other Aromatic Oxy-acids. 

The two isomers of salicylic acid, mefa- and para-orybenzoic acid^ are said to 
be almost devoid of antiseptic i)roperties, and, although some doubt may be 
enUirUiiiied as to the correctness of this statement, they have never been used 
in medicine except experimentally. 

The cresfotinic acids resemble salicylic acid in their cflects, and the para- 
cresotinate of soda has been used occasionally as an anti])yretic. junl substi- 
tute for salicylic acid. The metacresotinate is very much less active, while 
the orthocresotinate possesses a dangerous action on the lieart. The para- 
cresotinatc is somewhat less poisonous than salicylic acid. The (.resotbnic 
acids are found as impurities in .some commendal specimen.s of salicylic acid, 
but these ought not to be used for internal uflministration, fis the presence of 
the orthocresotonic acid may aflect the heart. 

The alpha- and beta-oxynaphtoic acids are possessed of antiKe)>ti(*. ])roi)er- 
ties, which are said to be .somewhat greater than those of carbolic and sali- 
cylic acids, but they are less soluble in water, while the sodium salt is less 
antiseptic. The acids are irritaiiit and j)roduce diarrlKca aiul syniptonis 
similar t(j those of .salicylic acid. They .seem to be at least as i)oisonous as 
carbolic a(?id, and have been u.sed as external anti.S(;pti(;s only to a very 
limited extent. 
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Sulphocarbolates. 

Tlte sulphon group lessens the toxicity in the .same way as carboxyl, and 
the .sulphocarbolate.s or para-phenol-siilphonates are therefore less ]K)iHonous 
than carbolic acid. The .sulphocarbolates of .sodium and zinc have been used 
a.s external antiseptics, and the sulphocarbolate of sodium has been adminis- 
tered to arrest fermentation in the stomach. The zinc- salt possesses some 
a.stringent action and has been u.sed with good results as an injection in gon- 
orrhoea. The .sodium salt is probably excreted in the urine unchanged. 
Aseptol or sozolic acid is a 33 per cent, .solution of orthoplumol-sulphoiiic 
acid in water but very often conUiins .some of the para-acid. 

Sodii SulphomrholaA {\\. P.), Sadii Phenolsulphonrus (IT. 8. P.), or sodium para- 
phcnol-sulphonate (0^11/ )M80./)Na, 211/)), forms colorless, transparent prisms, 
without odor, and with a saline taste. Soluble in 5 parts of water. 0.3-1 G. 
{5-15 grs. ). 

Zinci Sufpfwcarbolas (B. P.) (Zn(0HCgH^8f)5),fH20) forms colorless, trans* 
parent, efflorescent crystals, which are very soluble in water and in alcohol. 

27 
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Benzoic Acid. 

Benzoic acid possesses almost the same action as salicylic acid in 
the body, and like it, is poisonous only in comparatively large quanti- 
ties. It seems to be equally, or according to some observers, more 
strongly antiseptic, and like salicylic acid irritates the mucous mem- 
branes, while its salts are i)ractically devoid of this last property. 
Benzoic acid is, however, apparently less stimulant to the central 
nervous system, and the characteristic afiFections of the hearing and 
sight have not been observed under it. 

In man, very large quantities of benzoic acid and also of the ben- 
zoate of soda sometimes produce nausea and vomiting, the vomited 
matter rarely being tinged with blood. A certain sedative action on 
the central nervous system is also said to be observed, and an increased 
expect6ration of mucus is produced in cases of bronchial irritation. 
The pulse is somewhat accelerated. 

In the dog, tremors and convulsions have been observed, but are 
generally less marked tlian under carbolic acid. Ataxia, paresis, and 
eventually complete paralysis of the fore limbs, and later of the hind 
limbs and trunk follow, the temperature falls,, and death occurs from 
asphyxia. The heart and respiration are first accelerated and then 
slowed, from a direct action on the heart and on the respiratory centre. 
Vomiting occum when the acid or the salts are given by the mouth. 
Post-mortem the gastric mucous membrane has been found to be 
eroded and ecchymosed, even when the salts or acid have been injected 
subcutaneously or intravenously, so that the benzoates and benzoic 
acid would seem to have a specific action on the gastric mucous mem- 
brane quite a[>art from their irritant effects when applied locally. 

In frogs, fibrillary contractions and convulsions are observed, followed 
by weakness and paralysis of the spinal cord. Hiemorrhages have 
also been found iu the stomach when the drug was injected into a 
lymph-sac. 

Benzoic acid (C,.IT,COOH) combines with glycocoll in the bodv to 
form liippuric acid (OJI^CO — NHCH 2 COOH), which is excreted in 
the urine. Some of the benzoic acid escapes in the urine unchanged, 
however, the proportion of hippuric acid formed apparently varying 
with the general health and the condition of the kidneys, and also with 
the dose administered. After large doses a reducing body has been 
observed in the urine, presumably glycuronic acid. Traces of benzoic 
acid arc found in the saliva of the dog after its administration, but it 
docs not seem toMxj excreted here in man. In birds, benzoic acid is 
exci'cted by the kidneys as ornithuric acid from which 

benzoic acid can be split oft; leaving ornithin. Benzoic acid often in- 
creases the nitix)gt‘n elimiuat#>d in the urine, so that in the.se cases it 
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augments the diH5om}K>sitioii of the proteids like salicylic acid ; in 
other investigations no material change has been observed, probably 
bectuise the benzoic.acid was changed too rapidly to hippuric acid to ' 
admit of its action on the metabolism being developed. It differs from 
salicylic acid in reducing the uric acid excretion. Some diuresis occurs 
after benzoic acid. 

Some diminution in the double sulphates and the indican of the 
urine have been observed after the administration of benzoic acid by 
the mouthy so that it apparently lessens the putrefaction in the in- 
testine. 

Cinnamic acid (CgH^— CH=CH— COOH) seems to resemble ben- 
zoic acid in its pharmacological- characters, but has not been so care- 
fully examined. It increases the leucocytes of the blood and the uric 
acid of the urine to a marked degree. 

Preparations. 

Acidum Benzoicum (U. S. P., B. P.) (CJI^COOH), benzoic acid or flowers 
of benzoin, is prepared from benzoin by sublimation, or from toluol, and 
consists of white, featliery crystals, almost odorless, with a warip acid 
taste, very insoluble in water, soluble in alcohol, ether, fixed and volatile 
oils and in alkaline solutions. 0.3-1 G. (5-15 grs.), in powder or pill. 

Ti'ochucm Acidi Benzoici (B. P.), each contains J gr. 

Sodii Benzoas (U. S. P., B. P.), easily soluble in water. 0.3-2 O. (6-30 
grs.), in solution. 

Lithii Benzoas (U. S. P.), 0.3-2 G. (6-30 grs.). 

Anmonii Benzoas (U. S. P., B. P.), 0.3-2 G. (6-30 grs.). 

Benzoic; acid is also contained in paregoric. 

The Balsams are mixtures of resin, volatile oils, benzoic and cinnamic 
acids and their esters and small quantities of other aromatic bodies. 

Benzoinum (U. 8. P., B. P.), benzoin, a balstun obtained from Htynix Ben- 
zoin and probably from other species, varies in its comi>ositioii with its place 
of origin, but contains much less cinnamic acid than the otlier balsams. 

Btyrax (U. S. P.), Styrax Prueparatus (B. P.), or storux, a balsam ])repared 
from the inner bark of Liquidambar orientalis, contains resins, einnamic 
acid and its esters. 

Tinctvra Benzoini (U. 8. P.), 2-4 c,c. (30-60 mins.). 

Tinctuka Benzoini Composita (U. S. P., B. P.) contains, in addition to 
benzoin, storax, aloes and balsam of Tolu, and was forni(?rly known as Bal- 
sarnum Traiimaticura. A number of old remedies rescmbic'd it in composi- 
tion, such as Friar’s balsam, Turlington’s balsam, Je.suits’ drops, eU;. 2 -8 
c.(\ (30 mins. -2 fl. drs.). 

Balsamum Peruvianum (U. S. P., B. P.), Balsam of Peru, a balsam ob- 
tained from Toluifera Pereir» (U. S. P.), or Myroxylon Pereiras (B. P.), con- 
tains cinnamic and benzoic acids (traces) and their estesrs, and resins. Ap- 
plied externally, either alone or in alcoholic solution. 0.3-1 c.c, (6-16 
mins.). 

Balmmum Tolutanum (U. S. P., B. P.), Balsam of Tolu, a Ijalsam obtaincMl 
from Toluifera Balsaraum or Myroxylon Toluifera, resembles balsum of Peru 
in comx>osition, but contains more benzoic acid. 0.3-1 G, (5-15 grs.). 

Syrupus Tolutanus (U. S. P., B. P.), 2-4 c.c. (J-1 fl. dr.). 

Tinctura Tolutana (U. S. P., B. P.), 1-4 c.c. (15-60 min8.> 

Therapeutic Uses. — Benzoic acid and its sodium salt have been sug- 
gested as antiseptics and seem to be quite as satisfactory as salicylic 
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aci<l, but have never been widely employed. Benzoin and the balsam 
of Peru are used extensively in parasitic skin diseases^ especially in 
scabies. Internally the benzoates have been employed as substitutes 
for salicylic acid in acute rheumatism, but have not proved so efficient 
in general. The lessened putrefaction in the bowel after benzoic acid 
suggests its use as an intestinal disinfectant, and it has been adminis- 
tered as an antiseptic and slight irritant in diseases of the genito-uri- 
nary tract, such as cystitis and gonorrhoea. It was formerly supposed 
that benzoic acid lessened the uric acid excretion and dissolved the uric 
acid deposits in the bladder and tissues by forming hippuric acid, but 
this is now recognized to be erroneous, and the treatment of gout and 
other diseases based on this theory may be considered obsolete. The 
lithium benzoate of the IJ. S. P. is a survival of this treatment, lithium 
being credited with special solvent properties. 

Benzoic acid is still used as an ingredient in expectorant mixtures, 
in which however it is generally prescribed as the simple or com- 
pound tincture of benzoin, or as one of the Tolu preparations. It is 
said to be beneficial in cases in which the mucus is tenacious and is 
coughed up with difficulty. The syrup of Tolu may be regarded 
simply as a flavoring ingredient, for it contains too little of the balsam 
to have any other effect. 

Balsaini of Peru jind pure cinnamic acid have been administered by hypo- 
dermic and intravenous injection and by the mouth in pulmonary tubercu- 
losis, in the belief that they would induce irritation, inflammation and 
subseipiojit cicjitrization of the tubenailar nodules, but there is no reason to 
suppose that they have any such effect, and the treatment has never ad- 
vanced beyond the experimental stage. 

When the balsams are administered in large quantities, the addition of an 
acid to the urine is followed by the formation of an abundant precipitate in 
S(nne cases, and this has given rise to the belief that they tend to irritate the 
kidneys. The precipitate appears to be not albumin but the resin in most 
cases, however, for it is dissolved by the addition of alcohol. 
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Nitrobenzol Compounds. 

The nitrobenzol bodies are chiefly of interest because they have often given 
rise to poisoning of late years from their extensive use in chemical manutiuftures 
and to flavor alcoholic liquors. They are readily absorbed from the .skin and seri- 
ous syjnptom.s have ibjilowoti the wearing of clotliing dyed with them. In man 
iutrol)eii7X>l cutises a grayish-bhie, cyanotic color of the skin and visible mucous 
membmties, often with nausea, vomiting, great muscuiar weakness, marked 
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dyspnoea, delirium, and some convulsive movements of the face and jaws, 
less frequently of the whole body. Total unconsciousness and coma arc 
followed by arrest of the respiration. 

These etfects are due in part to changes in tlie blood, in part I o central 
nervous action, in which stimulation and paralysis seoni to follow one another. 
The blood is found of a choex)late-browii color, and some of the reti cells aro 
either deformed or entirely destroyed. Examined with the spcctroj^'ope, 
methmmoglobin is very often found in it, while in other cases an absorption 
line is observed between the yellow and the rod, which does not .seem to corre- 
spond to that of any of the ordinary Ineinoglobin products, and has there- 
fore been called the nitrobenzol-ha?inoglobin line. The blood CAUitains 
a much .smaller amount of oxygen than normally, in some cases only 
one per cent, instead of seventeen, and artificial respiration or even shaking 
the blood in air fails to oxidize it further, as the combination of nitrobcnzol 
and hmmoglobiii seems to be incapable of absorbing oxygen . Sim ilar changes 
may be produced iu venous blood outside the body by shaking it with iiitro- 
beiizol. These changes in the blood are the eause of the cyanosis, and the 
imjierfcct oxidation of the tis.sucs leads to the aitpearancrc of a number of 
abnorinal product in the urine, such as hiemiitoporphyrin. In animals a gastro- 
intestinal catarrh is almost constantly produced unless the intoxication is very 
acute, and this occurs even when the poison is inhaled or injected su hcntancou.sly. 

Metadinitrobenzol (CgH,(N02)2) has repeatedly given rise to ])oisoning in 
the manufacture of the modern explosives, such as roburite and seen rite. In 
action it resembles iiitrobeiizol, but is more poisonou.s, sind gastiic symp- 
toms are more marked. Ainblyojiia and a jaundice- like coloration of the 
skin often occur from prolonged expo.sure to this jK)ison. 

Picric Acid (C^,HjjOH(NOjj)3) is an irritant to the skin and mucous numi- 
bi*anes, and in large doses causes vomiting and often anuria and strangury. 
A characteristic symptom is the yellow, icteric color of tlie skin and mucous 
membranes, which is due not to true jaundice, but to the .staining of the 
epithelium by the acid. It produces this eoloration when taken internally, 
and itcliing is often complained of, and some eczema or erythema lias been 
observed. Violent convulsions occur sometimes, in other cases eolhipse. 
The urine is yellow or red, and (contains some easts but little or no albumin, 
and no bile, the absence of the last .serving to diagnose* the intoxication 
from jaundice. Picric acid teinls to destroy tlie red cells of the blood in 
animals, but no marked diminution of these has been observed in man. It 
is excreted as picric and picramic acid (C\.ll./>lI.>i'JI.,(N(),^)jj) in the urine. 

Picric acid has been used as a .sub.stitiite for (|uiuitie iu inahiria, and as an 
antipyretic. An ointment containing it has been applied in some forms of 
eczema, but it gave rise to poi.soniiig iu one of the few eases in wliieli it was 
thu.s employed. 
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Naphthylamine. 

Stern ha.s observed a ciiriou.s and almo.st unit|ue wjricH of Hyinptom.s after 
the administration of .several hydrated derivatives of /Miaphthylainirie to 
mammals. The most intere.stlng of these were dilation of the pupil and 
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protrusion of the eyeball, and a very marked rise in the temperature, 
amounting in some cases to C. The dilation of the pupil, which was 
not observed in the later experiments of Fawcett and White, is ascribed by 
Stern partly to local action on the dilator fibres or the terminations of the 
sympathetic nerves in the iris, but mainly to some central stimulation. The 
rise of temperature is produced in part by the output of heat being lessened 
through contraction of the cutaneous vessels, in part by increased oxidation 
in the tissues and augmented heat production. The contraction of the vessels 
is to be attributed chiefly to stimulation of the vaso-motor centres, although 
the drug seems to have some direct eflect on the muscular walls of the vessels 
also. Cocaine has a somewhat similar but weaker action, but the naphthyl- 
amine compounds do not produce local ansestliesia. 
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Toluylendiamine. 

Toluylcndiamine (CgHaCHj|(NH 2 ) 2 ) has never been used in therapeutics, 
but it is of importance from the light which it has thrown on some forms of 
jaundice. Bhulelmann found that its administration in dogs produced the 
typical symptoms of icterus, while in cats the icterus was leas marked, but 
very large <iuantities of hiemoglobin were excreted in the urine. The expla- 
nation of this action is the destruction of the red cells in the blood, which 
leads in the dog to the formation of large amounts of bile pigments in the 
liver. Some of this pigment is reabsorbed from the bile vessels and leads to 
typical jaundice. The absorption is promoted by a curious increase in the 
mucus secretion of the bile ducts, which renders the bile more viscous, and 
by thus delaying its evacuation into the intestine favors its absorption into 
the blood. This increased mucus formation is believed to be due to the 
action of the poison on the secretory cells of the larger bile ducts. The 
formation of bile pigment from haemoglobin liberates large quantities of iron, 
which seems to bo stored in the liver, spleen and bone marrow. In the cat 
the hmnioglobin is not so largely formed into bile pigment, but escapes in 
the urine. In both animals some mcthmmoglobin is probably formed.^ 
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Benzol. 

Benzol, or benzemo, is much less poisonous than its hydroxyl com- 
pounds, but may give rise to symptoms resembling those of phenol when it 
is inhaled in large quantities. It was at one time suggested ns a general an- 
msthetic, but the preliminary excitement is very much greater than that seen 
in the use of chloroform or ether, and partakes much more of a convulsive 
character. Even after unconsciousness and anesthesia is attained, the char- 
acteristic muscular tremor of the aromatic compounds continues. In some 
animals it produces violent and prolonged convulsions, with only partial loss 
of sensation, and even large quantities do not cause the complete relaxation 
of the muscles requisite for surgical operation. It seems to have little or no 
irritant action on the aliinentary canal or kidneys in animals, and is excreted 

’A somewhat siiniiar action f<)llow8 the administration of Ckphalanthin^ the active 
principle of Cephalauthus owidentalis, Button-bush or Swamp dogwood (Mohrberg). 
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in part by the kidneys as plienol double sulphate, in pjirt unchanged by the 
lungs. 

^ntesson states that hnsmorrhages occur very frequently in fatal poison- 
ing in man, and found the same result in experiments on rabbits ; he ascribes 
it to fatty degeneration of the arterial walls, which was well-murk<?d in most 
of his experiments, A number of cases of fatal intoxication are on record, 
some of them arising from the drug being swallowed by suici<les, but most of 
them from the accidental inhalation of large quantities in india-rubber fac- 
tories. Animals exposed to l)euzol vapor do not seem to absorb enough to be 
seriously poisoned, but when it is injected subcutaneously or ap])lic(i over a 
large skin area, it proves fatal to them. The benzol of the B. l\ contains 
toluene and is used only for pharmaceutical purposes. 
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Pyoctanine. 

Several of the dyes derived from aniline are used to stain pathogenit* germs 
and to ditlcrentiatc them from each other. This suggested to Peiizoldt the 
idea that these Imdies, having a distinctly greater allinity for the microorgan- 
isms than for the tissues surrounding them, might be usimI as antiscpiics or 
disinfectants, and Stilling introduced several of them into therapcntic use 
under the name of pyoctanines. Borne of these <lyes havti been found to 
have a certain antiseptic action, but the hopes that were formerly cntertaiiUMl 
as to their specific action have proved delusive, and their nse in nuulicine 
(chromotherapeutics) is now very limited, and promises to fall inU> oblivion. 

MethylthUmhuB Ilydrochloridam (U. 8. P.), methylene blue, a dark green pow- 
der, readily soluble in water and alcohol, forming a (h*ep blue solution. J)o8(», 
0,25 G. (4 grs.). 

XXV, FORMALDEHYDE. 

It has recently been shown by miincrous investigators that formal- 
dehyde (HCOH), the aldehyde derived from the oxidation of methyl 
alcohol, is a very powerful germicide, wliilc it is only slightly poison- 
ous to the higher animals. The aldehyde is a colorless gas and has 
been usetl either in solution in water {formtdinr) or as a vapor. As a 
germicide it is estimated to be e(jually efluuent with corrosive? subli- 
mate, and its volatility enables it to ])ern*trate miuJi more raj)idly, so 
that it may be used f<ir purposes for wliicb tin* latter is unsuitable. On 
the other haiul, its volatility and irritant action preclude i<>i use as an 
antiseptic to prevent the growth of microl>es in wounds. 

Action. — The vajxir is very irritant when inhaled, causing stinging 
and prickling in the nose and throat, salivation and tears, and lironcliial 
irritation and catarrh. In the few cases of jKiisoning in man recordeel, 
the symptoms were those of gastric irritation and consecpicnt collapse. 
When swallowed by animals the watery solution produces nausea and 
vomiting, which are followed by narcosis, coma, and in the rabbit by 
convulsions and opisthotonos. The respiration in the dog is very 
greatly accelerated some time before death, while in the ralibit this is 
not so marked or is entirely absent. The blcsjd-jiressure is increased 
at first and the heart is slow, presumably from direct or indirect stimu- 
lation of the medullary centres. Part of the formaldehyde absorlied 
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has been shown to pass through the tissues unchanged and to be 
excreted in the urine, and it is possible that the whole of it escapes in 
this way. The symptoms induced in animals by formaldehyde are for 
the most part due to the intense local irritation and inflammation, but 
in addition a specific destructive effect has been observed in the liver 
and kidney (Fischer). 

The powerful action of formaldehyde on microbes and on mucous 
membranes is believed by Loew to be due to its combining with some 
amide group in the proteids, and as a matter of fact, a number of 
changes have been described in the reaction of proteids exposed to 
formaline. For example, egg albumin and serum to which formal- 
dehyde solution has been added are not precipitated by heat and are 
less easily digested by ferments, while casein is not coagulated by the 
rennet ferment. Some of the ferments (pepsin and diastase) are not 
aflocted by the ])resence ,of Ibrmaldehyde, while trypsin and papain 
lose their activity wliolly or in part. 

IJenedicenti stotes that forrnaldeliyde is a blood poison, causing alter- 
ation in tlie form of tlie cells and leading to the formation of hcematin. 
He is disposed to look u{)on this effect as the chief factor in the in- 
toxication. 

PlIKUAllATlONS. 

Formalin, Liquoii Formaldkiiydi (ll. 8. P.), a solution of formaldehyde in 
water containing not less tlnui il? per cent, of the gas, which may be obtained 
from it by distillation. 

Paraforni, a solid polynun* of formaldehyde, which is dccomposctl by heat 
and liberates the formaldehyde in gaseous form. 

Home forinaldehydo may bo formed by the incomplete combustion of methyl 
alcohol, and several lamps have been devised with this object in view, but have 
not proved entirely satisfactory. 

Uses. — Forimildehyde is too irritant to admit of its use as an anti- 
septic in medicine and surgery, but it has been largely employed to 
disinfect in.striiments, furniture, clothes and rooms, which cannot be 
sterilized by heat. Diluted formaline (4 per cent.) may be used for 
some of these purposes, or tlie vapor may be disengaged by distillation 
from formaline, by heating paraform, or less efficiently by the partial 
combustion of methyl alcohol. Large rooms filled with formaline 
vapor and left for some hours are fouiul to be almost completely steril- 
ized, so that cultures of the pathogenic microbes exposed in them cease 
to grow oven when removed from the atmosphere. The higher animals 
are much less aftecteil. Novy recommends that the room to he disin- 
fected b(! ina<lc as nearly air-tight as possible, and the formaldehyde be 
distilled into it through the key-hole of the door. He .states that the 
gas disengaged from 150 c.c. (5 oz.) of 40 per cent, formaline is suffi- 
cient for each 1000 cubic feet of space, if the room be closed for 10 
hours. The odor of formaline may tlieu be removed by sprinkling 
ammonia solution with whieb it forms a solid combination. 

Formaldehyde has fi-equeiitly been added to food, especially to milk, 
as a preservative. Tunnicliffe and Rosenheim found that added to milk 
in the proportion of one to five thousand, formaldehyde did not seem 
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to be deleterious to healthy children, but in the case of a weaklv child 
the proteid waste was increased, and it is certainly not to be regjirded 
as a harmless method of preserving food. 

Formaldehyde is not alone in its germicidal action, although it is much 
more powerful than the other less volatile and less active aldidiydes, such as 
acetaldehyde. 

Urotropine. 

IJrotropine, or hexamethylenamine ((CH^),.N,), lias no imjiortant 
action itself, but is of interest from its liberating forinaldohvde in the 
course of its excretion by the kidney. The forni:ild(diyd(» eswijies in 
the urine along with some nnalierecl iirotrojiine, and acts as a disin-* 
feetaut or antiseptic in the urinary passages ; it set'ms sujierior to any 
other urinary antiseptic, microbes in the urine decre^ising in number or 
sometimes disappearing altogether within a few hours of its adminis- 
tration. No symptoms arise from ordinary doses of urotropine, but 
large quantities have occasionally giv(ui rise to pain and <liseomfort in the 
bladder, and more rarely to hiematiiria. Forma Itleliyik* i‘orms some sol- 
uble combinations with uric acid, and this suggested the use of urotro- 
pine in gravel, calculus, gout, and similar (joiulitions, hut l!4C results 
have been disajqiointing. 

Hexamkthvlknamina (U. S. P.), Uj:otiu)Iu\k (((.T1,^^ 
white (‘rystalline powder, very soluble in wat(*r. Dose, 0.2-().G (3, 
(3-10 grs), to be tiiken in a glass of water. 

Urotropine is used in cystitis and urethritis and to ili*stroy typhoid 
bacilli in oases in which they are eliminated by th(^ kidney, ll may 
also be given as a prophylactic before a catheter is passed. 

Numerous compounds of urotropine luive been introduwd of late years by rival 
manufacturers, but none of these has proved equal the original drug. 
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XXVI. CAMPHOR. 

Some of the volatile oils deposit crystalline substances or stearoj)- 
tenes after standing for some time, especially when they are exposed 
to cold. As a general rule these bodies are present in only small 
amount, and have not been investigated apart from the volatile oils, 
of which they form constituents ; but a few of them have attracted at- 
tention in therapeutics, not only on account of their local effects, which 
have been described under the volatile oil group (see page 61), but 
also because of their action in the tissues after absorption. The chief 
of these is Oamphor, which has been used in Chinese medicine for 
many centuries, and which has also played a considerable role in 
Western therapeutics. It is derived from the Cinnamomum camphora 
of China and Japan, and possesses the formula CjyH,^.0; it is a benzol 
derivative containing methyl and proi)yl, in so far resembling the 
terpenes, from whicli, however, it differs in the i)reseiice of a ketone 
CO) link. 

Another body closely resembling ordinary camphor is Bomeol or Bornco- 
camphor which is derived from the Dryobalanops aromatica, and 

wlii(h apparently differs from ordinary cami)hor in containing the group 
(= CHOH) instead of (= CO). Ngai camphor, which is obtained from Bliimea 
balsamifeva, is very closely related to borneol. Another stearoi)tene which 
has been used in medicjine apart from the volatile oils, is Menthol (C,oHj„0), 
which is obtained from tlie oil of peppermint, and apparently contains a 
CHOH group like borneol, but is more completely liydrated. Borneol has 
been prepared synthetically from eamydior, and mentliol from men thane, 
which occurs in oil of jjeppermint. Thnjon, an isomer of camphor, occurring 
in the oil of wormwood or absinth and in many otlier })lants, has not been used 
in medicine, but is of great importance Jis the cause of epilei)sy in chronic absinth 
drinkers. 

Soveml derivatives of camphor which have been examined, resemble it 
closely in pharmacological action. Mombromated Camphar has 

been used in therapeutics, while Comphorol (C,„H, /).,), Camphoric Add 
(CJT,,(COOH) ), Amidocamphor Bovm/amlne (C,H,JCH,)- 

(CHNlTjj)) and some other derivatives have been the subjects of experi- 
mental investigation. 

All of these resemble each other very closely iu the effects which 
they pmdiK^e in the organism, although they vary in toxicity to some 
extcMit. Many of the volatile oils induce the same symptoms, but as 
thesq are ustnl almost exclusively for their local action, it has been 
fouiul advisable to treat them separately. The camphor group pre- 
sents analogies to the simpler bodies of the aromatic series, to which it 
is so nearly related chemically, anckalso to picrotoxin. 

Symptoms. — Camphor acts as an irritant to the skin and mucous 
membranes like the volatile oils, and has a hot, bitter taste, and induces 
in small quantities a feeling of warmth and comfort in the stomach, 
while after large doses nausea and vomiting may be caused by gastric 
irritation. It is rapidly absorbed and in large doses induces headache, 
a fetding of warmth, confusion, and excitement in man, wdth slowing of 
the pulse and flushittg of the skin. This excitement may . be shown iq 
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hilarity and delirium with hallucinations, in restlessness, or in sudden 
violent movements, which pass into epileptiform convulsions! These 
alternate with pauses of quiet and unconsciousness, which become longer 
until the patient sinks into complete stupor. In some cjises of 
jioisoning no excitement is observed, the patient falling into a condi- 
tion of drowsiness, unconsciousness and stupor immediately. In the 
lower mammals, camphor induces very similar symptoms, wild excite- 
ment and epileptiform convulsions, followed by depression, stupor, 
collapse, and death from failure of the respiration. Not infrequently 
however, the respiration ceases during a convulsion and fails to return 
when it passes off. 

In the frog no excitement is observed except from the local irri- 
tation ; the animal falls into a condition of depression, in which no 
spontaneous movements are made, although the reflexes seem to bo 
little affected at first. Later, the reflexes disappear and the animal 
lies completely paralyzed. 

Action : Central Nervous System. — ^(>ampln)r first depivsses the brain 
in tlie frog, later the spinal cord, and last of all the terminations of the 
motor nerves, and the sj)ontaneous inovemcnts ceast^ first, thiavlbrcv, 
then the reflexes disappetir, and finally the muscles fail to contiact when 
the peripheral nerves are stimulattKl. The cord is capal>le of (Hunluet- 
ing impulses from the brain alter the reflexes an* paraly/tid, so that 
camphor would seem to int(*rru|)t the coiiue(^ti(>n between the sensory 
and the jnotor cells earlier than that l)etwe(*n the motor (*olnmns and 
the cells of the anterior horn (contrast stryehniju*). Although camphor 
fails to elicit convulsions in the frog, thnjon often indii(!(‘s violent 
spasms, which appear to arise from stimulation of the spinal cord and 
medulla oblongjita. The exact action of camphor on the spinal 
cord in mammals is not finally determined, for Sloekman fijiiml 
tliat the reflexes were not increased in mammals by cainphi»r, and 
he holds that the spinal c^>rd is not primarily stimulated by ordinary 
camphor, and is in fact depressed by borneol. On the other haial, 
Gottlieb and Lapin assert that the reflexes are liujnjased by camphor 
ill inamiuals in wliich the medulla oldongata has been divideil, and 
that in the bird this increased irritability may even give ris(^ to con- 
vulsions. According to them, the spinal cord is finally depr(‘ss(‘d in 
mammals by very large doses of cariiplior, but only afler stiijK^r and 
coma indicate eommencin,> paralysis of the cerehnim. 

The convulsions in maininals arc certainly not due to any action on 
the spinal cord, but to .stiinuiatioi|pof the higher areas c»f the nervous 
axis. The cerebral cortex is involveil in the aertion, for the c!(>nvuisioiis 
are less marked on its removal ; but in (he lower mammals the chief 
action seems to be exerted on the nervous <jentres situatiKl bi?twc?en the 
eerc*bral jwduncles and the medulla oblongaUi. Jt is not imfirohable 
that in man the cerebral action may Ik* more marknl than that on the 
lower areas, for on descending lower in the sirale it is found that tlu^ cere- 
bral action becomes less evident j thus in birds the removal of th(?cenj- 
brum seems to have no effect on the convulsions. The loss of con- 
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Emplofttrum Menfhol (B. P.). 

Acidtjm Camphoricijm (li. S. P.) an acid obtained by the 

oxidation of camphor ; forms colorless crystals slightly soluble in water. Dose. 
1-2 G. (15-30 grs.). 

Bbrneol or Borneo camphor (Cj^HjaC), a stearoptene obtained from Dryo- 
balanops Camphora, resembles camphor in appearance and solubility, but 
has not been used in therapeutics and is not official. 

Therapeutic Uses. — Camphor is used externally in the form of the 
liniment or spirit as a mild rubefacient in bruises aud sprains, and 
also to destroy parasites. Internally the spirit is prescribed as a 
carminative and as an intestinal disinfectant. Its administration for 
the latter purpose has been shown to be followed by a diminution of 
the double sulphates of the urine, so that it seems to retard the putre- 
faction ill the bowel to some extent. The spirit is frequently given to 
prevent “ chill,” and may relieve the congestion of internal organs 
through dilating the skin vessels. • 

It was formerly administered in cases of abnormal irritability of 
the central nervous system, such as epilepsy and various other forms 
of convulsions, including those produced by strychnine, but its action 
would seem to contraindicate its use here and camphor is scarcely 
prescribed in these cases now. 

It has been used, apparently with success, as a stimulant to the cen- 
tral nervous system in unconsciousness and collapse arising from dif- 
ferent causes, and in the depression and weakness of acute fevers. In 
many of these cases, a marked improvement in the pulse has been ob- 
served after camphor; this, like the simihir improvement seen after 
alcohol, may perhaps he explained by its action as a local stomachic 
irritant producing changes in the circulation reflexly. Solutions of 
camphor have been injectcKl subcutaneously in these cases, but they 
cause pain and swelling at the point of injection. Camphor is almost 
entirely insoluble in Avatery fluids and is apparently absorbed slowly 
and with diiliculty in some conditions, and this may explain the 
absence of effect in many cases of collapse treated witli it. 

Camphor is often prescribed in expectorant mixtures, especially in 
combination with opium, as in paregoric. 

It has been advised in hysteria, and botli as an aphrodisiac and as 
an aiuiphrodisiac. Any effect in these conditions must probably be 
ascribed rather to hypnotic suggestion than to the real action of the 
drug. 

Menthol is used almost exclusively for its effects on the sensory nerve 
terminations, and is applied by rubbing the crystals or sticks on the 
skin in cases of headache and neuralgia. 

Camphoric acid has been found to lessen the night sweats of phthisis 
and is given for this purpose in powder in doses of 1-2 G. It pos- 
sesses the advantage over atropine of acting only on the sweat glands 
in the dose given, and on the other hand has no such action on the 
digestion as is sometimes ebmplained of wiien agaricin has been pre- 
scrilicd. Camphoric acid is slowly absorbed and ought to be given an 
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hour or more before I’etiring. It has also bwn used as an antiseptic, 
but is very mucli less efficient than salicylic or carbolic acid. 

Borneo! and iiionobroniated camphor are entirely superfluous. The latU‘r was 
at one time used as a sedative in nervous excitement, but does not seem to have 
been at all beneficial and has fallen into disuse. 
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Musk, or moschus, is the dried secretion of the preputial follicles of Mosclius 
moHchifcrus, the musk <leer of Thibet. It forms a dark, redclish-brown, crum- 
bling mass, with a very strong characteristic odor. About 10 per cent, is sol- 
uble in alcohol, about 50 jier cent, in water. 

Musk has long been reputed to have, a very powerful action in collapse, 
but is so rarely procural)lc at the present day, ex(*ept in a v(Ty much adul- 
terated form, that it is comparatively seldom used. Very little is known 
with certainty as to its composition, and the odoriferous matter, which i.s 
believed to be the active princiide, has scarcely been examined. 

In some early investigations, musk was found to cause headache, giddin(^ss 
and confusion, with a feeling of weight and uneasine.ss in thestoniu(4i ; later, 
depression and <lro\vsiness, and eventually sleep. Tremors and even con- 
vulsive movements liave also been observed, and the pulse is said to be ac- 
celerated and strengthened. 

Filehuc found tremors and eontractions of Isolated muscle bumlles pro- 
duced in the frog from the action of an extract, and concluded that (he 
motor terminations w'ere stimulated by it. On the other hand, IHu'inaiiH,* 
wiio studied the subject more recently, could liiid no enec:t.s from the admin- 
islration of musk to men or animals. 

Moschus (U. S. P., B. P.) has been recoin mended in hysteria and in col- 
lapse, and is prescribed either as a powder, in doses of 0.5 -1 O,, which may 
be given per rectum when swallowing is iTnj>os.sible, or in the form of the 
tincture of the U. S. P., in doses of 5 e.<r. It is mrely used at the preseni 
time, and may be considered entirely superfluous. 

xxvn. PIOROTOXIN. 

Picrotoxin is the best known member of a group of convulsive poi- 
sons^ which resemble each other very closely in action, but of wliose 
chemistry little is known beyond the fact that they arc devoid ^ of 
nitrogen. It is oVitained from the Anamirta paniciilata (Anarnirta 
cocculus, Menispermuni cocculus), and is a neutral indiflereiit body. 
Picrotoxin may be broken up into picrotoxinin 

* Inaugural liiHsertation, Ikain, 1888. 
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which resembles it in its effects on animals, and picrotin 
which is inactive. 

Other poisons resembling picrotoxin are Cicutoxinj derived from the 
Cicuta virosa, or water hemlock , and probably from other species of Cicuta, 
CEnanthotoxinj the active principle of (Enanthe cro(;ata, winter dropwort, oi 
dead tongue, and Coriamyrtirij which occurs in several species of Coriaria, 
of which the best known is the Coriaria myrtifolia or currier’s sumach. 
Another species of Coriaria afftirds the toot poison of New Zealand. Fhyto- 
laccotoxirij which has been prepared from a Japanese species of Phytolacca, 
resembles jiicrotoxin in its action and may probably be contained in the 
official (U. S. P.) Phytolacca decandra, or pokeberry. Lastly, a number 
of the members of the digitalis series may be decomposed into bodies which, 
devoid of the characteristic cardiac action of digitalis, i>roduce the same 
symptoms as picrotoxin. Among these may be mentioned Toxireain^ ob- 
tained from digitoxiii, Digitalireain from digitalin, and OlemidrvMn from 
oleandrin. These bodies all produce powerful stimulation of the central 
nervous system, more especially of the areas around the medulla oblongata. 
The chemical connection between them and the members of the digitalis 
scries htis been mentioned already. It may be added that the two groups 
are similar in action in some respects, for although picrotoxin does not affecjt 
the heart and vessels in the same Avay as digitalis, the latter possesses the 
characteristic action of picrotoxin on the medulla oblongata, although in a 
weaker degree ; in fact, some of the remedies described under the digitalis 
sciries a<it as strongly on the central nervous system as on the heart. Picro- 
toxin resembles camphor also in its effects. Two alkaloids, Samandarmc and 
SamandaruUne, recently isolated by Faust from the skin of the newt ap- 
pear to vesemble picrotoxin in their effects on animals. 

Symptoms. — The symptoms, which are often somewhat late in ap- 
pearing, are very similar in all classes of vertebrates. In man vom- 
iting is not infrequently observed after members of this series, or the 
first symptoms may be salivation, acceleration of the respiration, and 
some slowness of the pulse and palpitation of the heart. A condition 
of stupor and unconsciousness follows and then a series of powerful 
convulsions, which, commencing in tonic spasms, soon change to 
clonic movements of the limbs and jaws. The respiration is inter- 
rupted during these spasms, but is reinstated during the intervals of 
quiet and collapse which follow them. The convulsions return after 
a short pause, and this alteration of spasm and quiet may continue for 
some time, although the rcsj)iration often fails to return after one of 
the spasms, and fatal asphyxia results. 

Similar effects are observed in the lower mammals. After a pre- 
liminary stage in which twitching of the muscles and vomiting often 
occur, and in which the respiration is accelerated, >vhile the pulse is 
slow, a violent emprosthotonic convulsion sets in, but soon changes 
to clonic movements ; these may last for some time, but eventually 
become weaker and give place to a condition of quiet and depression. 
An increase in the reflex excitability is noticeable during this interval, 
the animal is easily startled and occ^asional twitching of the muscles 
may be observed. Very soon a second convulsion sets in, and this 
may be fatal froi.u asphyxia, but the symptoms often continue for an 
hour or more, violent spasms alternating with periods of depression 
and collapse. In the frog clonic convulsions are also the chief feature 
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of the intoxication. Very often the animal becomes distended with 
air during the convulsions, and gives a curious cry in releasing it. 
The heart is always slowed and may cease to beat altogether for 
a time. 

Action. — The clonic convulsions of picrotoxin poisoning are al- 
together different from those of strychnine and other similar bodies, 
which induce prolonged tonic amvulsions, and it was early surmised 
that the members of tliis series act on a different part of the Central 
Nervous System. The convulsions are found to persist in the frog 
after the cerebrum has been destroyed, and even when all of tiie brain 
above the medulla oblongata has been removed, although they are 
weakened by the destruction of the optic lobes. On the other hand, 
they disappear, or at any rate lose their typical (?haracter wIumi the 
medulla oblongahi is removed, so that it would seem that picrotoxin and 
its allies act chiefly on the medulla oblongata, while the spinal eoi*d and 
the higher parts of the brain are comparatively little aflfeeded. Strych- 
nine, on the other hand, exercises its chief action on the spinal cord, 
while the other parts of the central nervous axis are less aflectwl. It 
was formerly supposed that picrotoxin stimulated a “cx>nviiision centre” 
»n the medulla oblongata, but there is no reason to I>elieve that any such 
deflnitc area exists, and it would rather appear that iutcaisi^ stimulation 
of the medulla in general leads to clonic eontrae.tions of thii muscles 
throughout the body. Tlie eflbets of the stimulation of the individual 
centres in the medulla are seen in the accehaution of the respiration, in 
the slow pulse, which is due to iuhibiUuw ac^tion, in a very mark(‘d rise 
of the blood-pressure, and in the vomiting and salivation. 11 k? nicalulla 
cbloiigatii is not, however, the exclusive seat of action, for in many 
animals the reflexes are found to increased when the medulla is 
severed from the cord, and this indicates that llie spinal cord is alsi> 
more excitable than normally. This action on the spinal (Jorcl is best 
seen in the fish and reptile, and is much less marked in the frog and 
mammals. In the former, picrotoxin causes convulsions cv<‘U aftc;r the 
medulla oblongata is removed, but in the higher animals, in which the 
functions are more differentiated, it merely incnsises the ndlex<js or 
causes very slight convulsive movements ; an<l tin? higher the position 
in the scale of the organism, the more closely is the action of this 
series confined to the medulla oblongata. 

It may be questiouc<l whether the higher divisions of the iktvous 
axis are concerned in the picrotoxin intoxication, for though in some 
animals restlessness and increased spontaneous movements are seen, 
they may perhaps l)e the indirect results of the altenitions in the 
respiration and circulation. 

Tlie Heart is rendered slow by picrotoxin, and in the frog may conic 
to a standstill during the convulsions. This is due principally to stimu- 
lation of the inhibitory cjentrc in the medulla, sinai on division of the 
vagi the heart returns to almost its normal rate. Sonic direct depres- 
sion of the heart is observed after large doses, for the puls(j remains 
slowed even after atropine or division of the vagi. This action on the 
28 
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heart is not similar to 'that characteristic of digitalis, as has been sup- 
posed, but is a paralysis such as is observed after many poisons 
(e, g,y chloral). In some cases acceleration of the heart is seen towards 
the end of the intoxication, and this has been supposed to be due to 
stimulation of the accelerating centre. Picrotoxiu causes a very marked 
rise in the arterial tension from stimulation of the vaso-constrictor cen- 
. tres in the medulla and upper part of the cord. 

The Eespiration is accelerated before any convulsions set in, and in 
the intervals between the spasms is also very rapid, owing to the action 
on the centre. Late in the intoxication the breathing may become 
slow and labored, probably from approaching central paralysis. In 
the frog, spasm of the laryngeal muscles prevents the escape of air 
from the lungs, so that the animal becomes enormously inflated. 

The Vomiting often observed in man and the dog under picrotoxin 
is probably of central origin and not due to gastric irritation. 

The peripheral Nerves and Muscles do not seem to be affected by 
these poisons, with the exceptions of toxiresin and digitaliresin, which 
slightly lesseii the irrittibility of the muscles. 

'J'he fate of picrotoxin in the body and the way in which it is ex- 
creted are unknown. Like other convulsive poisons, it tends to lower 
the temperature when it is given in small quantities so that no con- 
vulsions follow. 

The convulsions of picrotoxin and its allies disappear when chloro- 
form or chloml is administered. On the other hand, the respiration, 
weakened by narcotic poisons such as chloral, is accelerated by picro- 
toxin, the blood-pressure rises, and the sleejj is less prolonged. Ani- 
mals are not awakened at once from narcosis by picrotoxin, but coria- 
myrtin has this eflect. 

Picrotoxin is not antidotal in morphine poisoning in animals, but 
may possibly be so in man (see page 213 ). 

PUKPARATIONS. 

Piorotoxinum (B. r.), picrotoxin a neutral principle obtained 

from Aiiamirta paiiiciilata, slightly soluble in water, much more so in alcohol. 
0. 001-0. ooa G. 

Ihytolacea (U. S. P.), tho root of Phytolacca decandra, or pokeroot. 

FluidextrQjctum Phi/folacctr (U, S. P,), 0.3-2 G. 

Therapeutic Uses. — Picrotoxin has been used as an ointment to 
destroy pedicnli, and in some forms of skin disease, but is too poison- 
ous to be recommended for this purpose. It has been proposed to 
give it by subcutaneous injection in eases of collapse and in narcotic 
poisoning, but accoiHling to Koppen, coriamyrtin is more efficient in - 
animals. It has not been employed for this purpose in therapeutics as 
yet. It h^ some reputation in the profuse night-sweats of phthisis, 
which it diminishes in a certain proportion of cases, probably by in- 
creasing the respiration and thus preventing the stimulation of the 
nervous mechfimism of perspiration through the partial asphyxia. 
Phytolacca has‘ been advised as an emetic, but is slow in action and 
dangerous/ It^ is seldom prescribed, and appears to be superfluous, 
at any rate until its action has been ascertained with more certainty ^ ' 
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xxvm. THE DIOITAUS SERIES. 

The digitalis series embraces a considerable number of substances 
which are characterized by their action on the lieart. They are widely 
distributed iii the vegetable kingdom in very different botanical fam- 
ilie.s, and have long been in use for various purposes in civilized and 
uncivilized countries. Some of them were employed as remedies by 
the laity long before their virtues were recognized by the medical pro- 
fession, while others have been ust‘d as arrow poisons by the natives of 
ditteR^nt parts of Africa and of the Eastern Archipelago. 

The most important plants which contain bodies belonging to this 
group arc Digikdk put^parea (purple foxglove), tiirophanihm /uHjmlm, 
or JumU', and Sci/ta mariiima (squills). Others which are less fre- 
quently used are llelleborm nigev ^ (Christmas ros(‘), ( bnvalfaria w«a- 
jalk (lily of the valley), AjToeynum canmbinum (Canadian hemp), and 
Adonis vernalis (pheasant^s eye). Similar effects are obtaini^d from 
bodies contained in other species of these genera and in a large and 
ever-growing list of other plants, such as Anliark (Upas tree), Nirium 
(oleander), Acooantiura (ouabaio), Krythropywnm (sassy bark or Casca 
bark), Theoeliciy Urechites and Ooronllla,^ Numbers of other plants 
are said to resemble digitalis in their effects, but until this has been 
shown by more careful investigation, it is undesirable to add them to 
the above list, which is already extensive enough. Many of the arrow 
poisons certainly contain digitalin bodies, but even their botanical 
origin is unknown in many instances. These bodies are not, however, 
confined to the vegetable kingdom, for Faust luis recently isolated two 
substances ® from the skin of the toad, which induce the same changes 
in the heart., and the Epinephrine of the suprarenal capsule (see supra- 
renal gland) has been recently shown to have very similar effends. 
Salts of barium also induce many of the changes characteristic of this 
series. 

The active principles of the plants of this group present many points 
of resemblance, and some of them which are now believed to ho distinct 
may prove to be identical. Their isolation is attended with consider- 
able difficulty, as many are amorphous, and but few of them form 

' This mast not be confused with green and white hellebore (see page 338). 

^Cactus grandiflorus (Ccreus), which has been rccoiiiinended as a sulwtitute for digi* 
talis, /has no similar action and does not Ijelong to this series. 

^ These are named Bufonin and Btt/otulln and apfiear to be nearly related to cholea* 
teria. 
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combinations with the ordinary chemical reagents. Most of them are 
glucosides, others are indiflFerent bodies, and one or two are alkaloids. 
There are often found in a plant several distinct bodies belonging to 
this series, and these may again be accompanied by others which in- 
duce the same symptoms as picrotoxin or saponin. 

Digitalis has been more carefully examined from the chemical point 
of view than the other plants, but even its active principles are still 
only partially known, and the subject is yet in an unsatisfactory state ; 
for the amount and character of the active constituents seem to vary 
not only in different seasons and in plants grown in different soils, but 
also in different parts of tlie same plant. The chief active principles 
were isolated by Schmiedeborg in 1874 and his statements have more 
recently been confirmed and extended by Kiliani. There appear to 
be at least four glucosides in digitalis which possess the characteristic 
cardiac action — DhjUoxin, Digitophyllin, Digitcdin and Digitakin — 
and these are ac(!onipaniod by one or more glucosides (Digitonin) which 
have the irritant action of saponin and like it suspend insoluble bodies 
ill wat(u\ The ]>harinaoop<eial preparations are made from the leaves, 
in whicJi digitoxin and digitophyllin arc the most important constitu- 
ents, tliough a small <piantity of another glucoside resembling digitalin 
is also pres(‘nt. These glucosides are practically insoluble in water 
when pure, but are taken up from the leaves by water owing to the 
presence of the digitonins, so that the infusion of digitalis leaves is a 
very powerful jireparation. The active glucosides are more soluble in 
alcohol, while digitonin is insoluble, so that the tincture contains prac- 
tically the same constituents as the infusion except digitonin. 

The seeds of digitalis are not pharmacopmial, but are extensively 
used for the preparation of the so-called digital ines of commerce. They 
contain digitalin and digitalein in large amounts with a small percen- 
tage of digitoxin and a larger proportion of digitonins than the leaves. 
Digitalin is less insoluble in water than digitoxin and digitalein is 
freely soluble. The preparations from the seeds thus differ entirely 
from the Galenical preparations which are formed exclusively from the 
leaves, and most clinicians find them less satisfactory in practice. 
Digitoxin is much the most powerful constituent, and the small amount 
in which it is present in the digitalines prepared from the seeds prob- 
ably aiicounts for their unsatisfactory effects in therai)cuties. 

Strophanthus Komba contains a crystalline glucoside, strophanthinj 
while other varieties of strophanthus, such as S. hivspidus, contain 
another glucoside, which is probably nearly related 

to stro|)hanthin but is about twice as ]x>isonous. Other glucosides 
— Omlmin or Aeomnthmn and Acocanthin — ^are found in Strophanthus 
glaber and in Acocanthera and are also closely related to strophanthin. 
Some of the strophanthus genus contain non-glucosidal active bodies. 
The stiophauthin of commerce is generally derived from a mixture of 
different sjiecies and varies much in composition and toxicity. 

Scilla maxituna, or squills, is said to contain a glucoside, very 

soluble in alcohol, scarcely so in water, but this requires further in- 
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vestigation. Several other active constituents have been described in 
squills, but none of them have been actually isolated, and they may be 
merely impure forms of scillain. Saponin bodies are also ])resent. 

Helleborus niger contains Helleborcm^ ,a glucoside, >vhich is veiy 
soluble in water, and resembles digitalin in action, 5 ind IMeborin^ 
which is insoluble in water and has an entirely different effetjt. 

Convdllamarin (obtained from Convallaria>, Admidm (Adonis), Oleartdnn^ 
Nmin and Neriodorhi (Neriiim), Euonymin (Eiionymus), Antlarin (Antiaris), 
Thevetin and Cerberm (Thevetia), Chciranthia (Gheirantlius), CoronUlin (Coro- 
nilla), Tanghinin (Tanghinia venenifera), and Apovyncin (Apocviiiiin), are 
gliicosides, while Apocynin (Apoeyiiiini) is inditrerent and ErythropMninc 
(Krythroiddanim guinense) is a glueosidal alkaloid. 

With the exception of the last, then, tlie inenibers of this series which 
have heen examined hitherto are either glueosides or indillereut substances, 
containing carbon, hydrogen and oxygen, but no nitrogen. Th(‘y are all 
liable to decompose when kept long in watery .solutions, and esjteciaily when 
heated Avith acids, and then frequently form suhstances which no longer ]>os- 
ses.s the digitalin action, hut are ratlier to be chis.sed witli picrotoxin. (8<»e 
page 43(5.) It will be sliown later that even digitalin and its congeners have 
tliis pi<u*otoxin action to a greater or lesser degree, and it. seems prohalde, 
therefore, that all of them are derivatives of some I'ommon nucleus, Avhieh 
belongs to the picrotoxin series, but whieh in e.omhinatioii assumes a lu^w 
character through its action on the heart and vessels. 

Erythrophleeine and a more recently isolated alkaloid, Mnairinfiy whi<*h 
rescmldes it in most respects, sj^lit otf a molecule of sugar wIumi they an*, 
boiled with acids. This glueosidal reaction ]M*rha.ps indicates that they ani 
more closely related to the other mcmbei’s of ilic st*ries than would a)>pear 
at first sight. 

Action. — The digitalis series possesses a local ami a general action. 
The Local Effects consist in jirirnary irritation, ftdbnved Ireijuently 
by paralysis of the sensory nerve endings. I'liiis in ilic eye a small 
quantity of a solution, or a minute particle of the dry poison eaiises 
the most intense pain, rcdne.ss and congestion of tlie e(»njiuKdiva, and all 
the symptoms of an acute iiillammation. ()u the tongues the hitter tashi 
is folloAved by burning pain frequently, and if the powder he drawn 
into the nostrils and larynx, marked swelling of (he mm^oiis memhram*, 
sneezing, coughing and hoarseness arc pro(lu(u?d in many persons. They 
have little action on the skin, although here too smarting is oeeasion- 
ally produced ; hut when injected subcutaneously many of them <*.aiise 
marked inflammation, which not infrequently ends in tin*, formation of 
abscesses, even although the injection has l)eon absolutely aseptic?. 1'hc 
same irritant action is produced in the stomach by .several of (hem, 
and, in fact, by all of them when taken in very large quantities or for 
long [jeriods. This irritant action is not equally marked throughout 
the series, however, for digitoxin is much the most powerful in this 
respect, Avhile digitalin may be injectol subcutaneously willauit danger 
and without pain. Their local irritant action ox])lains the use of squills 
as an emetic, and of euonymns as a purgative. The local amesthetic 
projKJi’ty is likewise not equally developed in all the members of the 
series ; several of them (strophanthiii, ouabain, erytbrophlmlue) have 
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been suggested as locsal anaesthetics for the eye, but their primary irri- 
tant effect precludes their use for this purpose. 

After absorption, the chief symptoms are due to their action on the 
central nervous system, the heart, and the vessels, more especially oh 
the two last. The action on the Central Nervous System is frequently 
ignored or attributed to the changes in the heart as a secondary effect, 
but there is undoubtedly a stimulation of some of the nerve centres, 
quite independent of the action on the heart and vessels. This stimu- 
lation, like that of picrotoxin, seems almost entirely limited to the 
medulla oblongata in many cases. In the frog the excitability of the 
reflexes is often lowered by members of this series, probably because 
of the intense stimulation of the medulla oblongata; but sometimes a 
distinctly increased irritability is observed. These alterations are much 
greater than those caused by the interruption of the circulation, and 
are therefore independent of the action on the heart, to which they have 
been erroneously ascribed. More marked symptoms are produced in 
mammals, however, by this central nervous stimulation, for in these 
vomiting is elicited very soon after the injection of large quantities, 
long before the heart is very seriously affected, and this is undoubtedly 
due to action on the medulla oblongata. To the same cause is to be 
attributed the rapid, deep respiratory movements and convulsions, 
which arc often observed in the later stages of poisoning, and which 
are evidently not due to cerebral anaemia, as has been supposed, for the 
bmin at this stage receives quite as much or more blood than it nor- 
mally does. Even small quantities, such as are used therapeutically, 
cause stimulation of certain parts of the central nervous system, for the 
activity of the inhibitory cardiac centre in the medulla is the cause of 
the slowness of the heart which is seen in therapeutics and in experi- 
ments on mammals. 

The central nervous system, then, undergoes distinct stimulation un- 
der digitalis. This stimulation by small quantities seems limited to 
the inhibitory cardiac and the vaso-constriotor centres in the medulla 
oblongata, but when larger doses of digitsilis and its allies are in jected, 
other parts of the medullary centres become stimulated, and vomiting, 
increased respiration and eventually general convulsions may be pro- 
■duced. 

The extent to which the members of this series act as stimulants to 
the nervous centres varies, erythrophloeine seeming to approach more 
nearly to picrotoxin than the others, while helleborein is among the 
least active, but as yet little comparative work has been done in this 
direction. 

The action on the Heart is the most important of all, and is what 
distinguishes digitalis and its allies from all other substances. This 
action has been studied most carefully in the frog, and is found to be . 
due to an alteration in the cardiac muscular tissue. On exposing the 
frog's heart, apd watching its movements after the injection of digitalis, 
the muscular action can generally be made out very distinctly (Fig. 37)* ; 
The heart becomes slower in rhythm, and contracts to smaller dimensions ' 
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in systole, while it does not dilate so fully in diastole. The ventricle 
is therefore whiter during systole than normally, while during diastole 
it does not seem so purple, owing to its coutainieg less blood at ejich 
period. The slowing can be seen to be due to the heart remaining 
contracted longer tlian usual, while the dilatation is very short and 
imperfect. Later the apex of the ventricle ceases to dilate duripg 
diastole, and remains quite still Avhile the base still dilates after each 
auricular systole. Or the whole ventricle dilates only once for every 
two contractions of the auricle, or the two halves of the ventricle may 
contract alternately so that the blood is thrown from one side to the 
other. Meanwhile the duration of systole becomes still more prolonged, 
and the extent of diastolic dilation diminishes until the ventricle finally 
ceases to contract, remaining in a position of extreiue systole with its 
•cavity obliterated. The auricles come to a standstill also, but they 
are unable to empty themselves into the con ti’actod ventricle and there- 
fore remain distended with blood. The typical action of digitalis on the 
muscle of the frog^s heart, then, consists in a tendency to increased 
and prolonged contraction, and diminished and shortened diastole. 

In some cases certain other features aj)pear in the frog’s heart, for the 
slow rhythm may be accompanied by a k?ss jierfect systole, and instead 
of the heart ceasing in systole, it may come to a temporary standstill in 
a state of extreme diastolic dilatation. This is duo to stinuilatioii of 

Fjo. 37 
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Tracing of the inovcnieiit of the frog’s vcntrlrle under dlgitallA. The lever foriUH an upward atroke 
during ayatcile. A, normal ; /f, the ay stole i» somewhat iii<»re and 1» verv firolonpil, and 

the rhythm ie correafMindingly slow. f.\ the vcnlrlclo remains in systole with weasfoiiiiJ 
tolic moveinenta. /), the dlostolca of the heart have almost entirely ettased. A\ diagram ot tiie heart 
of the frog in its normal dimensions, o, auricle; r, ventricle with the aortic bull* risiiiK tnuii H. 
The dotted lino in the ventricle reprcsnnis the outline in systole, the contiiniona line the outline In 
diastole. />', oiiilino of the heart in the stauflsiill after digitalis. The ventricle v U very much wjii- 
tracted, the auricle a distended with blood. 

the vagus centre in the medulla, and must be carefully distinguishc^d 
from the action on the cardiac muscle. Not infrequently the two forms 
occur in combination, or the symptoms of inhibitory action precede 
those of the true cardiac change. 
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The amount of blood expelled by the heart varies according to the 
degree to which each of these factors comes into play. If the dilata- 
tion in diastole is unchanged or increased, while the contraction is 
greater than normal, the amount of blood expelled by each beat is of 
course increased, but as the dilatation becomes less, the amount ex- 
pelled diminishes until it reaches zero. Even though the amount of 
blood expelled by each beat is increased, one finds not infrequently 
that the total output per minute is diminished because the rhythm is 
so much slower than usual. 

The irritability of the heart muscle is also found to be considerably 
increased by digitalis. Thus if the ventricle of the unpoisoned frog’s 
heart be excised, and salt solution be led through it, it ceases to beat 
after some time. If, however, a small quantity of digitalis be added 
to tlie salt solution, rhythmical contractions are often induced and the 
heart eventually passes into systolic standstill. This increased irri- 
tability may explain a temporary acceleration of the cardiac rhythm, 
which is ocxiasionally seen in frogs and in other cold-blooded animals. 

The nature of the action on the cardiac muscle has been a good deal 
discussed. Schmiedeberg brought forward the theory that it was 
mainly an increase in the elasticity of the heart muscle, but this has 
bcjcn disputed by Koy, who showed that it was not suflicient to explain 
the phenomena. With the present knowledge of the molecular changes 
which occur in the heart, it is impossible to proceed beyond the state- 
ment that the muscle tone is increased, and that thereby the relaxation 

Fio. 38. 


Tracings of the ventricular cnniractions under digitalis in experiments on two dogs. N, V', normal 
contractluiis. />, /y, con tractions under digitalis. Tho lever-s move upwards during systole. In D 
tlie rhythm is slower and the iiiovenionts extend further upwards uud aoM'ii wards than in X r. the 
coiitraetioiis are more eoiupleto and the dilatation during diastole is greater. In D' the rhythm is 
slower, and tho tracing extends further upwards than in but reaches almost the same point below, 
i. t\f tlie contraction is stronger, but the dilatation is scarcely chauged. Contrast theetl'ecls of inhibi- 
tion aluUQ in Figs. 27 and 29 (pp. 289 and 819). 

of the muscle is rendered less perfect and the contraction more complete 
and prolonged. The inhibitory action of the vagus, on the contrary, 
tends to render the tone less complete, and to produce less complete 
contraction and more complete diastole. The direct effects of digitalin 
on the cardiac muscle of the frog are therefore diametrically opposed to 
those of inhibitory activity. 

The hearts of some Invertebrates, such as of the snail, are said to 
undergo) changes similar to those described in the frog’s heart, while the 
crustaceans seem to be entirely unaffected by digitalis.. 
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The action on the frog\s heart is of great interest, becjiuise the changes 
produced by this series on the mammalian heart partake largely of the 
same character. The inhibitory and the muscular actions ai^c again 
opposed to each other, but here the inhibitorv is almost invariably 
present to a greater or less degree. The action of digitalis and its allies 
on the mammalian heart may be divided into three stages, of which the 
first and the third are always developed when sufficient quantities are 
administered. The second stage may be absent in certain circum- 
stances, but is also generally present in pc»isoning. 

In the first or iherapcuiio siayc of the action of tins series, the rhythm 
of the heart is changed, and the extent of contraction and relaxation 
of the ventricle and auricle undergo certain modifhuilions (Fig. 

The rhythm of the heart is distinctly slower than before giving the 
drug, for the inhibitory apparatus is set in activity, and the slowing is 
accordingly due to a prolongation of the pause in diastole, 'flie ventri- 
cles contract to a smaller si/e, that is, they empty themselves much more 
completely than they normally do. It is now universally ivcogiiizt'd 
that the normal ventricle does not empty itself compU*teIy ; that even 
at the end of its systole there 
still remains some blood in 


its interior. After the action 
of this group has begun, how- 
ever, the blood remaining at 
the end of systole is much 
less tlian before. This in- 
creased contraction is, like 
that in the frog’s heart, dne 
to action on the cardiac mns- 
ele, and leads to an augmented 
pressure in the ventricle dur- 
ing systole. The papillary 
muscles undergo the same 
changes as the rest of the 
ventricular wall, contracting 
more strongly and more com- 
pletely than before the ad- 
ministration of the drug. 



The relaxation of the ven- 
tricle is found to vary in <lif- 
ferent conditions. If the 
heart is weak and dilated, 
digitalis and its allies tend to 
lessen this dilatation, that is, 
the relaxation of the ventricle 


// A 

TracliiKK of (he i lUitM of (h« ventrlrUi (lower) 

and aurirle (,«|»|»er) under dlgilallM. hiirin^ Oiu 

lev«»r» make an uphtr«)lce. Jn ihl« exiierlnient (he In- 
hlliltory teriidnntioiiH had hoen paraiy/yiMl, an lliat only 
the niuwcular aetiuu in dovelojied. .*1, ii<*rriiul ; //, altijr 
dii^iialis. ’i1ie ihyOinj of the hoari In allKhtly acceler- 
ated in Jff and the Icvern extend furlher unwurda, indi- 
eating a more )>• rfect Hy.ftole In holh auricle and veil- 
tricle. The ventricular lever doex ijot reach ho far 
downward!* in //, i'. e., the veiitricnlttr diaatole ia Unis 
coiupielL*. * 


during diastole is less than 

before the a<lministration of the drug. (See Fig. 39.) If, however, 
the heart is normal, or does not dilate much dtiritig diastole, digitalis 
increases the relaxation. (Fig. 38, Z>.) The variation in the degree 
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of dilatation of the ventricle depends upon the op])osing factors — ^the 
inhibition and the muscular action. If the inhibition be the stronger, 
the ventricle relaxes more completely than before, for vagus stimula- 
tion always tends to increase the relaxation of the heart. If, on 
the other hand, the muscular action predominates, the relaxation is 
lessened, for here, as in the frog^s heart, this series tends to lessen 
the extent of relaxation. In the normal heart the application of one 
of this series causes, as a general rule, an increase in the extent of 
relaxation. 

It must be added that the inhibition is due in part to stimulation of 
the intra-cardiac inhibitory apparatus, but mainly to the stimulation 
of the vagus centre in the niedulla. This is shown by cutting the vagi 
before the injection, for the slowing is then much less than when the 
vagi are intact, or may be entirely absent. 

If, then, the ventricles contain more blood at the beginning of sys- 
tole, /. c., arc more relaxed than usual, and if the quantity remaining 
at tile end of systole is less than normal, the heart must expel much 
more blood at each ventricular contraction than it does normally. (See 

Fig. 40.) Even though the 
40. amount of blood at the be- 



Dlaj^rnm to illustrate tho clTcct of dieitnliB on the output 
of the ventrielo. Af Of three c^Uudors vriih pistons 
moving up and down in thuiii and driving out fluid. In B 
ftnd C (digitnli.s action), the piston descends lower than in 
A (uoriual) and in B it can also rise higher. The output 
of each stroke is represented by tho shaded part of the cyl- 
inder and is greatest in B, in which more fluid is present 
at the l>egiiiniiig of the stroke (diastole) and less at the end 
of the stroke (systole) than in A. Tt is also greater in C, 
in which the same amount <if fluid is present at the begin- 
ning of tho stroke (diastole) os in J, hut less is present at 
the cud (systole) . If the pistons make tlie same iiuiiilter of 
strokes per minute in A, B and C, the amount of fluid 
putnpeil will be greatest in B and least in which reitrc- 
sonts the normal ventricle. 


ginning of systole is Un- 
changed or slightly dimin- 
ished (lessened dilatation), 
as occasionally happens, the 
amount expelled is increased 
because the ventricles con- 
tract more completely. If 
the number of beats per 
minute remained the same, 
therefore, the amount of 
blood expelled (or the out- 
put) would be much increas- 
ed ; but the rhythm is slower 
than normal, and although 
each beat propels a larger 
amount of blood into the 
aorta and pulmonary artery 
than normally, it is not im- 
[Kissible that the output may 
be less than before the drug 
was administered. In the 
therapeutic use of these 


drugs the slowing is not 
great enough to conn terbalance the i ncimsed output per beat, and a larger 
amount of blood is thei;efore driven into the aorta and pulmonary artery. 

The more complete contraction of the ventricle also causes a higher 
pressure in its interior than before, and the blood is* therefore expelled 
into the vessels uiider greater pressure than normally. 
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^ The changes in the ventricle, then, are due to Inhibitory activity and 
to direct cardiac action, the first tending to lessen the number of beat^s, 
to Increase the relaxation of the fibres and to weaken the systole, and 
thus to diminish the output and efficiency of the heart ; the second 
tending to strengthen the systole and thus to augment the output, while 
also limiting the dilatation, which may increase or lessen the efficiemy 
of the heart according to circumstances. 

‘ In the auricles the same two agencies are found in opposition, the 
inhibitory stimulation and the muscular actions. Stimulation of the 
inhibitory nerves causes in the auricle more or less increase in the dila- 
tation, while it lessens tlic contraction eonsidembly, and in fact may 
prevent it entirely. The muscular action of this series is tlie same 
here as in the ventricle, ciiusing a tendency towards more (joinplete 
systole and less complete relaxation. After small quantities, such as 
are used in medicine, the rhythm of the auricle is slow, like that of 
the ventricle, owing to the inhibition ; the relaxation is little changed, 
but, owing to the muscular action, the contraction is molt) aimplete. 
In blit slightly larger quantities, however, the inhibitory action causes 
a less complete contraction, so that the work done by the auricle is 
actually less than before the injection. 

The rhythm of the difiereut parte of tlu? heart is exactly the same 
during this stage, and the changes seen in the right auricle and ventri* 
cle correspond to those iii the left. 

Not infrequently a previously irregular heart becomes more regular 
under the influence of small doses of digitalis, and this has genemlly 
been regarded as the result of the inhibitory action, whieli lessens the 
irritability of the heart and thus reduces the tendency to premature 
contractions. But several investigators liavo recently shown that the 
same regularizing action is exercised by digitalis in the excised heart, 
when there could be no question of inhibition ; they thendbro ascribe 
this result to some obscure clianges induced by tlie imiscular action of 
this series (Gottlieb and Magnus, Brandenburg). 

If larger quantities be injected, cither the inhibitory or the muscular 
action may become markedly increased, and the ajipcarance of the 
heart varies according to which of these predoiiii nates. It must be 
distinctly understood that the following syrnploms hetok(.*n a grave 
condition of poisoning and arc not met witli in the therapeutic use of 
the scries. 

In the second stagCy the symptoms arc due to excessive inhibitory 
activity, while the direct cardiac action is less developed. The 
rhythm of the ventricle, and consequently of the pulse, is very sIoav 
and irregular, as is always the case when the inhibitory apfiaratus is 
strongly stimiilatcd (sec Fig. 27, p. 289). During diastole the ven- 
tricle dilates more completely than usual, Mobile its systole varies in 
strength. If the muscular action is well developed, it continues to 
empty itself more completely than usual, but very often the inhibition 
is so powerful that tlic muscular action is entirely concealed and the 
'systole IS weaker and more blood remains at the end of the contmc- 
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tion than before the drug was administered. As a general rule, how- 
ever, each beat expels more blood than normally, because the heart is 
engorged before the systole begins ; but the rhythm is so slow that 
the output per minute and the efficiency of the heart as a pump is less 
than usual. This is the feature which differentiates the first from the 
second stage, in which the same factors arc present ; in the first stage 
the efficiency of the heart, i. e., the amount of blood expelled per 
minute, is greater, in the second stage less than before the administra- 
tion of the drug. 

Not infrequently the auricle and ventricle beat in different rhythms, 
the ventricle developing a spontaneous rhythm which may be either 
faster or slower than that of the auricle. This is apparently due to 
the inliibitory action, wliich blocks the passage of impulses from tlie 
auricle to the ventricle, although the effect of the drug in increasing 
the irritability of the cardiac muscle may contribute to it by facilitat- 
ing the development of the spontaneous ventricular rliythm. 

Tlie auricular contractions are much weaker than in the first stage, 
and even than in the normal heart, and may cease altogether for 
some time, while the chambers do not tend to dilate furtlier as a 
general rule. 

Although the rhythms of the auricle and ventricle may differ at 
this stag(j, the two ventricles always beat in unison, and the changes 
in the strength of their contraction and in the extent of the relaxation 
are similar. 

This stage of excessive inhibition is not observed in every case of 
poisoning in animals, nor probably in man, although in the recorded 
instances of poisoning with the members of this series, it seems to have 
been present, as the pulse is said to have been very slow and irregular. 


Flo. 41. 



Tracing of the auricular (upper) and ventricular Tnovements (lower) under digitalis, as the first 
stage passes into the second. During systole the levers move upwards, during diastole downwaids. 
The rhythm of (he two chambers is at first the same, but sonn changes, the auricle maintaining its 
rapid beat while the ventricle becomes slow and irregular. At the end of the tracing the ventricle 
again becomes rapid, while the auricle becomes slow. The strength of the contractions and tho extent 
of relaxation of the ventricle muscle remain little altered, while the auricle rapidly weakens in 
strength, but improves again at the end of tho tracing. 

Therapeiitio doses of these drugs never induce insularity in them>i 
selves, though the pulse is often irregular from disease in the cases in 
which th6y are prescribed. When in their therapeutic use irregular-- 


THE DTOITAIIS SEItm. 


44ft 


ity arises from their effc^cts, the physician is iiulucing the second stage 
of poisoning, in wliich the efficiency of the heart is less than it would 
be without the drug, and the dose ought to be mluced at once. If 
the inhibitory mechanism is weak or is pamlyzed by the pivliminary 
injection of such drugs as atropine, the second stiigc is entirely absent 

When very large quantities of any of this series are injected, the 
third stage sets in. It is preceded by the first for a short tilne, gener- 
ally by both first and second. In this stage the ventricular rhythm 
becx)mes very much accelerated, often beyond the normal, and even 
beyond that seen after paralysis of the inhibitory nerves. This ac- 
celeration has often been supposed to be produced by paralysis of tlio 
vagus, but this is not t-?e correct explanation, for stimulation of this 
nerve sometimes still slow^ the heart and always causes dilatatioiir 
The acceleration is really due to the <lrug increasing the irritability of 
the heart muscle to such an extent that the inhibitory apparatus is no 
longer able to hold it in check. 

The auricles also undergo the same changes. They begin to a(wl- 
crate their rhythm, and if the se(ioiid stage has not developed, tliey 
continue in the same rhythm as the vcaitriele. Ii‘, howevi*r, the veii- 
trieiilar rhythm has been indepeiHleut of the aurieular in *\\o se(H)nd 
stage, the aiirictles are often later in Inang ae(‘elerated than the veil- 
trieles, beeause the inhibitory nerves aef more* strongly on them. The 
dillereiiee in rhythm of the two divisions leads to a very eharacteristic 
periodic variation in tlie strength ot* the eonlra<?tion.y of both auricle 
anil ventricle. Tliis auriiudo-ventrieular arhytlimia may continue for 
some time, but further irregularities soon present th(»niselves. At in- 
tervals, asystole of eillier 

ventricle or auricle ap- t2. 

pears, that is, two con- " ‘ ‘ ‘ ^ j i « r i i * 

tractions follow so rapid- 
ly on each other, that 
the chamber has no time 
to dilate fully between 
them and no blood is ex- 
pelled by the second one. 

These asystolic contrac- 
tions become more nu- 
merous, and soon form 
groups of two or three, 
separated by other groups 
of ordinary contractions. 

The rhythm becomes 
more and more rapid, 
and other forms of irreg- 
ularity appear, which it 
is impossible to describe here. Eventually the auricle generally passes 
into fibrillary contractions while the rhythm of the ventricle continues 
to increase, and the force of its contractions and the output of each 


I'l: ‘ill 




Tracing of the venirieuiar n.ovrinieTita in the laNt aiage of 
ligltalfH Ttic iever niorcH upwards in The 

fijiracUTri^lic feaitire I« flio nxlrcnie im.fg«larily, no two con- 
ructions rcsc^iihliiig «'a<’h other in fornj or slreuj^h. 
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beat decrease. The ventricle finally passes into fibrillary contractions 
also, and the circulation is arrested, after which the heart dilates to an 
extreme degree. 

All the features of the third stage are due to the poisons increasing 
the irritability of the heart muscle. This leads to acceleration of the 
beat, and, eventually, through the muscle of one pair of chambers 
being acted on more than that of the other, to arhythmia. The asys- 
tolic contractions are evidently of the same origin, and the final delir- 
ium is also to be ascribed to this action. Almost all the characteristic 
features of this stage may be imitated in the normal, unpoisoned heart 
by stimulating the difierent chambers by electric shocks ; the impulses 
which in the poisoned heart arise from its own excessive irritability 
are here given by the artificial stimuli, but the effect is the same. 

The output of the heart continues much augmented during the first 
part of the third stage, but, as the irregularity of the ventricles in- 
creases, and tlie asystolic contractions become more numerous, it be- 
comes less and eventually falls to zero when the heart passes inlto de- 
lirium. Throughout the whole course of the intoxication the ventricles 
beat in unison, no interventricular arhythmia, such as has been de- 
scribed by some authors, being noticeable at any stage. The two 
auricles often differ somewhat in their rhythm in the third stage, and 
the rhythm of the ventricles may, as has been stated, Ih) entirely dif- 
ferent from that of the auricles in either the second or third stage. 

The effects of digitalis on the mammalian heart therefore resemble 
in general those observed in the frog's. The contraction is not pro- 
longed, however, as it is in the latter, and the inhibitory mechanism 
plays a more important r6lc. The irregular stage evidently corre- 
sponds in each, and the final delirium cordis in the mammal represents 
tlie continued contraction in the frog, the mammalian heart not being 
capable of a continued systole. The heart in mammals is generally 
found in a condition of diastole in cases of fatal digitalis poisoning, 
and this has been supposed to indicate a fundamental difference in the 
action of digitalis on the amphibian and mammalian heart. The dila- 
tation is not, however, a direct result of the digitalis but is probably 
induced by the poisons formed in the heart by its own activity. When 
the mammalian heart is excised and blood containing digitalis is per- 
fused through the coronary vessels, complete systolic standstill of the 
ventricle resemlding that seen in the frog is often the final outcome. 

The Peripheral Vessels are affected in several ways by the members 
of this series. The increased output of the heart in the Oierapeutie 
stage augments the pressure in their interior, and it seems not unlikely 
that the vaso-motor centre is stimulated and that this causes a conr 
traction of the arterial walls. But in addition to these effects, the 
muscular wall of the arterioles is constricted by a direct action of the 
glucosides and the resistance to the flow of blood from the arteries to 
the veins is increased, which further raises the tension in the aorta 
and lai^r arteries. It seems likely that all the members of the group 
do not act equally at all three points, but very little is known defi- 



nitely on the subject except that digitoxin acts more powerfully on the 
vessels than some of the others, and that erythrophloeine acts more on 
the medulla and less on the heart than any other glueoside hitherto 
examined. 

All the digitalis bodies then increase the arterial blood-pressure 
partly through changes in the heart, and partly through contraction or 
the vascular walls. There is on the one side an unusually large 
amount of blood expelled by the heart, on the other, unusual rt^ist- 
ance to its jmssage out of the arteries. And this appeal's to be the 
final result when digitoxin is injected. But when strophanthin, digi- 
talin or coiivallamarin is used, a further complication arises, for these 
have a somewhat less marked vascular action, and though the vessels 
of the abdominal organs are contracted in the same way as by digi- 

Fio. 43. 



toxin, those of the extremities clilate. This diJahitioii is partly owing 
to the increased pressure in the interior ovc*r<*oming the contraction of 
the walls, but is inainly to be ascrilietl to a stimulation of the 

vaso-dilator centre induced by the contraction of the alxJominal ves- 
sels. The brain vessels re^tct in the same way as tho.se of the limbs, 
digitoxin contracting tlieni, while under strojihanthin they are little 
ailected. The result i.s that while the outflow from all the vessels is 
retarded by digitoxin, the bhK)d current in the splanchnic area alone 
is slower under strophanthin, while that in the limbs and brain is 
actually accelerated. The rsite of flow through the cjoronary vessels 
of the heart under the members of this series lias be(ui investigsit<*d by 
Loeb, \vho finds that digitoxin contracts thewf vessels and retards the 
blood supply of the heart, while stropharithiii ap[)earH to have little 
iuilueuce on them. 
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It follows that under all of the series the blood tends to accumulate 
on the arterial side at the expense of the venous, for more blood is 
pumped into the arteries and it has greater difficulty in escaping. But 
while under digitoxin the different regions of the body appear to be 
equally affected, strophanthin, digitalin and convallamarin not only 
tend to accumulate the blood on the arterial side, but divert it from 
the internal organs to the limbs. 

When the extreme slowing of the second stage appears, the output 
of the heart is reduced, and the pressure in the aorta and the velocity 
of the blood may become subnormal (Fig. 44). When the acceleration 
of the third stage follows, the output is again augmented and may bty 
greater than ever ; the blood-pressure and velocity increase, but the hearS^ 
soon becomes irregular in the force of its contractions, the output varies " 


Fig. 44. 






•w im iiiii i i nt 44- 4 iJ44-u4. n . u ii. 4 M - 4 m iiiiiii n i i innum i mi u i wu i iiiii ii- 
A B C D E 

Bluod-pruMNure trauiiig under dlgituliM. vt, iiormiii ; ^.therapeutic stagey C, excessive iuhibition 
causing u low blood-prcssuro from Icfssencd output of the heart. /), excessive inhibition with some 
irregularity in rhvthm. E, third stage of irregularity, during which the blood-pressure rises again 
from tiie increased output of the lieurt and the further contraction of the vessels. 

from second to second, and the pressure and velocity in the aorta fall 
slowly. The blood-pressure tracing shows the irregularity of the heart 
more or less accurately, but must not be taken to indicate at all the 
real condition of that organ, as the constriction of the arterioles varies 
at different times. Eventually the pressure falls to zero, when the 
heai*t ceases. 

In the pulmonary circulation the pressure is not raised by some of 
the series, such as strophanthin and helleborein, while after digitalis a 
rise in the pressure in the pulmonary artery is sometimes seen. Yet 
all of them increase the output of the right ventricle. The explana^ 
tion of this paradox probably is that the pulmonary vessels can con- 
tain not only the ordinary supply of blood, but also an increased 
volume without offering any great resistance. In the later stages the 
pulmonary circulation presents irregularities similar to those of the 
systemic. 
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Action on the Benal Secretloii. \^lien (1ip:italis was first introdnced 
to the notice of the inetiical profession by Withering its action on the 
heart was not appreciated. Withering used it only to remove a<*euimi- 
lations of fluid from the body, which it accomplished by increasing the 
secretion of urine. This observation of Withering was soon eonfirined 
by further experience in the use of this drug, but it was long dis- 
puted whether this diuretic action occurred in health, or whether it 
was not oonfinetl to cases in which pathological accumulations of fluid 
were present. Digitalis, however, as is now coiKHnled by almost 
everyone, causes some increase in the quantity of urine secreted by the 
normal animal, although this is small compared with that in eases of 
dropsy. The fluid of the urine is much more largely augmcnttHl ihan 
the solids, which may remain unchanged. The cause of this iiua’ease 

Fia. 45. 



Diagram ropiTNCiitiiig llio Norretion of urine in a rablul under digitalis. I'au:]i nTtuiigle iTprtMfOiilni 
the uiiiouiit <»f urine .•srereted in ten uiiuuluK. .1 uiid //, norinul M'erHion. Jii (in? li>n iilinuli'M 
a.Miiall dose of digitaliH D was injeetCMl iiitravenoiinlv and a rapid inureaHein tiiusurniiim foiliwed. 
At /y ;Mid />" further iujcclioriK wore iiuule, ea«?li iMdiig MuccfiMlcd by a eoiiNidoraiily aiigmiuiled 
now of urine*. The d<»tlod line repreMUits tliu average IdoiMl-presMure nl rju-li prriod. It will In? ob- 
seryeil that eueli injection is foIl<»w<Ml by some increase in the. urterial feusitui. Conlrtuti Fig. TA (p. 
^50) as to the amount of the secretitm, and al.so as to the l>eiiavuir of the blfKid-pressiiru. 

in the renal .secretion i.s not generally believed to lie a dirert action on 
the .secretory mechanism, such as is met with uiulcr eaf!*eine ; on the 
contrary, tlic kidiuys them, selves are supposed to a<*ted on only in- 
tlirectly through the changes in the dreulation. Tiie renal vess(‘Is are 
contracted by the meml)ers of this serie.s in the same way as lint vesst^ls 
of the other abdominal organs (Gottlieb and Magnus), and this might be 
expected to lessen the .secretion of urine, for otlif?r agencies which con- 
tract the renal ves.sel.s have tlii.s effect. The diuresis iiHlm^ed by digi- 
talis must accordingly be ascribed to the cardiac changes and not t«j 
the va.so-con.strictor action. It may Ik; supj>o.sed that the aeciirnulaiion 
of the blood in the arteries and the coii.sf*qnent fall of tlie venous pr<w- 
siire, which has been shown to occur, lead to an augmeiite<l flow of the 
lymph into the blood vessels, and that the blood is thus diluted and 
29 
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the kidneys therefore incited to abnormal activity, while at the same 
time their nutrition is improved ; and in addition, the increased pressure 
in the glomerulus must accelerate the filtration through the capsule. 
It is possible, also, that at any rate some of the members of this series 
act as slight irritants to the renal epithelium. The appearance of blood 
and albumin in the urine of animals after large doses of squills and 
digitalis certainly indicates some local action quite apart from the cir- 
culatory changes. 

The changes in the circulation in man can be followed only imper- 
fectly. The heart rhythm is very distinctly slower, and the apex beat 
is much stronger than before the administmtion of the drug ; the 
pulse is slower and stronger and the artery feels more tense. It must be 
added that the strength of the pulse is not to be regarded as a gauge 
of the changes in the cardiac muscle, for it is due not only to the in- 
creased strength of the cardiac contraction but also to its slow rhythm. 
When the heart is bedting rapidly, the arteries have no time to empty 
themselves completely, and the pulse is small, while on the other 
hand, when digitalis slows the heart, the arteries have time to empty 
their contents into the capillaries before the next contraction occurs, 
the walls therefore become more flaccid, and a new wave of blood 
causes a more distinct impulse. In some cases of fever the vagus 
seems to have less control over the heart than usual, and after digi- 
talis there is no very marked slowing, although the action on the car- 
diac muscle may be fully developed. The pulse is harder owing to 
the increased blood-pressure, but it is not much slower, and the im- 
pulse does not seem stronger than before. If the physician, judging 
from the pulse that the drug luis been given in too small quantities, 
prescjribos larger doses, the effects on the heart may be disastrous, as 
the third stage of irregularity and less perfect action of tlie heart may 
be induced. In those cases in which this scries seems to have no action 
on the pulse, tlie heart and the general condition of the circulation must 
he very carefully examined before larger quantities are prescribed. 
If, for example, the urine be found increased, or the oedema is less 
marked than before, or the breathlessness and the dyspnma have dis- 
appeared, tlie drug is fulfilling its chief purpose, even though the 
jmlse remains apparently unchanged. 

In Oases of Poisoning with the digitalis series, the most alarming 
symptoms arise from the circulatory changes. In the well-known 
case of Koppe, who accidentally poisoned himself in the course of his 
investigations on digitoxin, the first symptoms were uneasiness, giddi- 
ness, nausea and vomiting, and great muscular weakness. The pulse 
then fell to about half its normal rate and became intermittent, and 
the increasing muscular weakness was accompanied by precordial 
anxiety, imperfect vision, and constant nausea and vomiting, which 
prevented sleep and rest, and which persisted for over thirty-six hours 
without improvement. The symptoms then slowly disappeared and he 
recovered entirely in about a week. The quantity taken by him was 
2 (gV previously he had taken 1 mg. gr.), 
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and it is possible that this may not have btHiii absorbed completely. 
Ill any case the small dose of digitoxin necessary to induce almost 
fatal symptoms indicates that it is'one of the most powerful poisons 
known at present. 

The main action of this series is on the circulation^ but some other 
results of their administration of less consequence have been observed. 
Thus ill fever the Temperature is not infrequently iHjdueed, allhough 
it remains unchanged after the administration of digitalis to the normal 
animal. This action is said by some to be the result of collapse, while 
others believe it to be due to the changes in the circulation, but 
neither of these seems to be a very happy explanation. It has l)ei*n 
stated already that the members of this series act as stimulants to 
some parts of the central nervous system, and a possible explanation 
of their antipyretic action would be an increased activity of the temjier- 
aturc-controlling centre. It has been shown by Ilarnack that several 
central nervous stimulants, including picrotoxin, cause a fall in the 
temperature in this way. 

Anotlier observation wliicli has been made in repird to this seri(‘s is that 
it tends to weaken and eventually to pamlyze tlie Muscles, and still more, 
the terniinations of the peripheral Nerves of the frog. For this purpose it 
has to be applied iu quantities which would at oiiee stop tlu< inatninalian 
heart, and this action certainly never even commences in warm-blooded an- 
imals. Large quantities of digitalis are siiid to acton tlu^ iinsti'ialed muscle 
of several organs, such as the stomach and uterus, and to iiiercase tlieir 
movements. 

Preparations. 

Digitalis (IT. S. P.), Digitalis Folia (B. P.), foxglove, the leaves of Digitalis 
purpurea collected from plants of the sec^uiid year’s growth. O.OH- (),1 U, 
G~2givs.). 

Exiracium IHgitalis (U. S. P. ), 10-20 ings. (J-J gr. ). 

Ffuidextractuni (IT. »S. O.Oo-U. 1 c.e. (1-2 mins,), 

Infustjm Dkjitalis, U. S. P., 4-8 c.c. (1-2 11, dr.); B. P., 2-4 11. drs. 

Tjnctura Digitalis (U. S. P., B. P.), 0.8-1 c.c. (5-15 miiis.). 

Digitaline ’’ of commerce varies much in <*oini>osilion and in dnsi*, some- 
times i>roving entirely inert, while at other times it has prov«*d ]K>isuiiouH iu 
comparatively small quantities. Crystalline digitaliiic v<!i’y oftyn eonsists 
largely of digitoniii, Avhich is entfrely devoid of the <ligilaliii action. Other 
preparations seem to contain much digitophylliii. “ DigiUUinum rtrinn ” is 
said to be pure digiialin, and may be injected sulxrutaneously without dan- 
ger. 2-6 mg. gr.). 

Digitoxin has been prescribed in doses of mg. (t U K*’-)> but the forms at 
present on the market vary greatly in strengtli. 

The tincture and infusion arc the most commonly used prcparatif)n.«. 
The extract and the powdered l«ive.s may be given in the 0»rm of iiills. The 
preparations ought to be freshly made, and solutions of digitalinc ” and <ligi- 
toxin must not be kept, as they soon decoinpo.«e and become entirely in<*rt. 

Strophanthus (IT. H, P.), the seeds of Htrophaiithus hispidiis. 

Strophanthi Semina (B. P.), the seeds of Htrophantlius Koinbe. 

Extraclum Strophavihi (B. P.}, J-1 gr. 

Tin'ctitra Strophanthi (IT. S, P., B. P.), 0.8 4.0 c.c. (5-15 mins.). 
Strophanfhinum (IJ. 8. P.), varies in compoHititm and in power. Its dose is gen- 
erally given as 1 iiig. (cV^r-X hut this is otlcii devoid of action, while in other 
cases 0.2 mg. hiis been Vound a sufficient dose, and it is therefore to be ustrd with 
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caution. Its solutions are very liable to decompose and have to be freshly pre- 
pared. 

Scilla (U. S. P., B. P.), squills, the bulb of Urginea maritima, Urginea 
Scilla, or Scilla maritima, deprived of its dry membranaceous outer scales and 
cut into thin slices. 0.05-0.2 G. (1-3 grs.) in pills. 

Acetum ScillcB (U. S. P., B. P.), 1-2 c.c. (15-30 mins.). 

Flwidcxtractum Scillre (IT. S. P.), 0.05-0.1 c.c. (1-2 mins.). 

Tinotura SorLLAi (U. S. P., B. P.), 0.3-1 c.c. (5-15 mins.). 

Syrupus SciLiiiE (U. S. P., B. P.), 2-4 c.c. (30-60 mins.). 

Syrupus Scill/e Compositus (U. S. P.), containing senega and tartar 
emetic, 0.5-2 c.c. (10-30 mins.). 

Oxymcl Scillfje (B. P.), J-1 fl. dr. 

Pilula Snllvd Composita (B. P.), contains ginger and ammoniacum, 4-8 grs. 

PiLULA IPECACUANIIJE CUM SciLLA (B. P.), contains 5 per cent, opium. 
4-8 grs. 

Squills is often prescribed in pill form as a diuretic ; as an expectorant 
the syrup is more often used. The compound syrup, U. S. P. , or the pill of 
Ipecac and Squill, B. P., may be ordered instead of a cough mixture, as 
they contain the chief constituents of such remedies. 

Scillitoxin^ etc. , of commerce are merely puritied extracts and not pure 
principles. 

Apocynum (U. S. P.), Canadian hemp, the root of Apocynum cannabi- 
num. 

Fluidexlracfum Apoeyni (XT. S. P.), 0.3-1 c.c. (5-15 mins.). 

Convallaria (U. S. P.), Lily of the Valley, the rhizome and roots of Con- 
vallaria majalis. 

Fluidc.vtnwtum Convallarim (XT. S. P.), 0.8-1 c.c. (5-15 mins.). 

Euonymus (XT. S. P,), Euonymi Cortex (B. P.), Wahoo, the bark of the 
roots of Euonymus atropurpurcus. 

Exirachmi Fuonymi (II. 8. P.), 0.05-0.2 G, (1-3 grs.), 

Exirmiuni Euonymi Siccum (B. P.), 1-2 gi's. 


Therapeutic Uses. — The chief purpose for which this series is used 
in thciu-pciitics is to counteract certain changes in the circulation, which 
result in the blood acciunulating in the veins in too large quantities, 
while the arteries are less coinj)letely filled than usual. And first of 
all, in cases of dilatation of the hcaii; with a weak and insufficient 
systole, its action is almost specific. This is true whether one or both 
ventricular chambers are affected, as long as the cardiac muscle itself 
has not undergone degeneration. In these cases the action is very 
simple — the increased ventricular systole approaches the normal, the 
output of tlie heart is increased, and in some cases at any rate, the 
dilatation is diminished by the direct action of the drug. .The effect 
is an increased velocity and pressure in the arteries, and an improved 
nutrition of the whole body. The organ which suffers most of all 
under the malnutrition caused by dilatation of the ehambers is the 
heart itself, and, accordingly, in these ciises the heart is found better 
nourished and has more tendency to hypertrophy after digitalis or its 
allies. Eventually the walls of the heart become so enlarged as to be 
able to carry on the work without the additional stimulation of digitalis, 
and the drug ought therefore to be stopped. It must be remembered that 
the hypertiophy of the heart is not a direct effect of this series, which 
only puts the bi'gau in a condition in which it receives more nourish- 
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ment and is therefore more likely to hypertrophy. Tlie efleets in 
these cases of dilatation seem to be attributable entirely to the action 
on the cardiac muscle. 

It is freciuently stated that the slowing of the heart, which allows the heart- 
more time to rest and more time to till itself, is iiceoimlabU; for the improve- 
ment. But numerous other drugs slow the Jieart (juite as much and in exact ly 
the same way, yet are of no benelit but rather the reverse in those condi- 
tions in which digitalis is most valuable. Aconitine, for example, slows tlu‘ 
heart by stimulating the vagus centre, but no one would dream of using 
aconite as a substitute for digitalis in dilatation of the vtmtricles. 

Another explanation of the action of digitalis in cardia<* dilatation is that 
the vagus being tlie trophic nerve of the heart, its stimulation increases the 
tendency of the heart to hypertrojthy, and this serii*s lluu-cforc^ causes hyper- 
trophy by stimulation of the trojihic nerve. Any explanation which reipiircs 
the assumption of trophic nerves is fraught wilii danger, howt'ver, and this 
one is easily refuted by the fact that aconite docs not imlnce hyi)(‘rtn)pliy of 
the heart. 

The true explanation of the action of digitalis is the action on tin* cardiac 
muscle, by which the systole is strengthened and the output of the heart is 
increased. 

Mitral incompotency may be taken as a eoncrete example of cuirdiac 
disease. Here some of the blood, instead of passing into tlie aorta 
(luring the ventricular systoh*, pass(;s back into the aurieh‘. In (jourse of 
time the auricle dilates owing to the pressure during its diastole, and the 
coiisecjuence is that the lungs become* (H)ngesied, the right vc'iitrie^h* and 
eventually the right auricle dilate, aiul the wlade systemic eMreadation 
IS rctardcxl. (Edema juid dropsy follow, the kidneys and other organs 
l)Ccome overfilled with blood, and the whole? e*eonomy is threiwn into 
disorder. left ventricle is ne»t afle(!!i‘el dire*e?tly by the? pivssiire*, 

but it suffers in the general malmilritiem, anel may l)e,*e?e)me» we*ak ami 
dilated like the rest of the heiart. If now e>ne e>f this se?ri<*s he* giv(?n, 
the right and left ventrickis commeiuH* tei lK*at more* slremgly, lhe‘ir out- 
put is increased, anel the blood is feirceel through the lungs. It still 
re^gurgikites inte) the left auricle, but the proportiem jiassing l)ae*,k te> 
that driven forward is smaller, owing te> the incre?ase in systole, vvhie?h 
lessens the mitral orifice. Moreover the* right ve*ntri(*Ie; is able le» over- 
come the pressure in the pulmonary arl(?ry, and the*re?fe)re soon (?e*aHe*s lei 
drive bloe)d inte) the right auricle, and the* syste‘mie? veins can pass tlie-ir 
blood into the heart without difficulty. The ee)ngcstie)n of the* organs 
rapidly disappears, the kidneys be*come bette?!* neiurisherd, and fineling 
large quantities of fluid accumulated in the; body, at e)nce; preieufcel te) 
excrete it. The h(*art itself im|)rov(;s in ee)nelitie)n, hut more work is 
required of it than in the normal hoely, l>e*e*anse seinu* of its work is 
still lost through the blex)d passing backwards from tlie vemtrich? in- 
stead of forwards. The muscle responds te) the strain by hypertrophy, 
and when this ]>rocess is o^mplek^, the drugs have fulfilknl tlicir pur- 
pose, and furtlier administration is useless and may be dangerous. 

The only action of the drug required hfU’c is the incre*ased (X)iitra<;tion 
0^ the ventricles and atiricles in systole?, and this is exaeitly the point 



464 


ORGANIC DRUGS ACTING AFTER ABSORPTION. 


in which this series differs from all others. At the same time, if the 
diastolic dilatation becomes less marked, as it does in many experi* 
ments on the normal heart, this must also aid in such a case, because 
the more dilated the ventricle, the less perfectly does the mitral valve 
close the auriculo-ventricular orifice at the beginning of systole. If 
then the dilatation of the heart becomes less, either from a direct action 
of the drug, or as a result of the improved nutrition of the muscle, the 
imperfection of the valve may be compensated for by the narrowing of 
the orifice. If the muscular action predominates sufficiently over the 
inhibitory, a further factor may aid in repairing the breach of the valve, 
for the auricular muscle is acted on in the same way as the ventricu- 
lar — its contraction is more complete, and the auricle therefore emp- 
ties itself more perfectly, and contains less blood at the beginning of 
the ventricular systole than it otherwise would. If, in addition, the 
auricular relaxation is lessened by digitalis, a greater resisbince must 
be offered to the regurgitating blood. The increased contraction of the 
papillary muscles may also aid in the theraj)eiitic effect by closing the 
valves more completely. 

In aortic incompetency the same beneficial results may be expected, 
because here again there is more blood expelled into the aorta, and at 
a higher pressure. The less dilated ventricle also presents a greater 
resistance to the return of the blood. It is true that longer time is 
allowed for the blood to pass back into the ventricle owing to the pro- 
longation of the diastolic pause, but this does not seem to be sufficient 
to counterbalance the benefits of the more complete contraction of the 
ventricle. 

In narrowing of the orifices, the improvement observed after digi- 
talis may also be explained by the stronger and more complete con- 
traction of the ventricles. Stenosis very rarely occurs unaccompanied 
by regurgitation, however, and the diminution of the backward flow 
may be the main object attained by these drugs in this condition. 

On the right side of the heart the same action occurs as on the left, 
and in dilatation of tlie right ventricle, which often occurs as the result 
of pulmonary disease, this series acts by increasing the strength of the 
ventricular contraction. 

In numerous acute febrile conditions the heart becomes affected, 
possibly in part by tlie high temperature, but largely from the toxic 
products circulating in the blood. The chief cardiac symptoms are 
dilatation with a weak systole and a small fluttering pulse. In 
these cases digitalis and other similar drugs may be of great service in 
slowing the accelerated heart and in increasing the extent of systole, 
and tlius improving the geneml circulation. In pneumonia more 
especially, great improvement is often seen after digitalis. In this 
disease, besides the toxic action on the heart there may be present 
more or less obstruction of the pulmonary vessels through pressure, 
resulting in overwork and dilatation of the right heart. The routine 
treatment of pneumonia with digitalis is often I'ccommended, but is to 
be deprecatetl on the general principle that a drug is not to be pre- 
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scribed until some special indication for it ap^Knirs ; unless distinct 
evidence of circulatory disturbance is present, digitalis ought to bo 
withheld. 

In acute fevers the inhibitory mechanism is often less irritable than 
normally, and the activity of the drug must not be estimattHi by the 
slowness of the pulse. page 450.) 

In some forms of dilatation of the heart, digitalis and its allies are 
to be avoided. Thus where extensive degeneration of the heart mus- 
cle is present, as in fatty heart, little or no benefit from the museular 
action is to be expected, for the muscle itself is too weak to msjmnd to 
the stimulation. On the other hand, digitalis, by increasing the pressure 
against which the heart has to contract, may cause the most serious re- 
sults — the systole becomes even weaker than before its administration, 
and brain anaemia, syncope, and not infrequently sudden death follow. 
In other cases, while the condition of the heart is eminently suitable for 
digitalis treatment, disease of other parts of the body may precdiide its 
use. Thus if extensive degeneration of the arterial coats is present, the 
increased pressure in the interior of the vessels may lead to rupture of 
their walls and apoplexy. In those cases, if any of the series is to be 
given, it ought to be strophanthus,. which causes a less extensive rise 
in the blood-pressure than digitalis, and it is n^commended that either 
be prescribed along with some drug to dil.nte the vc».ss(4s and lessen 
the arterial tension, such as nitroglycerin or some other of the nitrite 
series. In treating with digitalis and a member of the nitrite series, it 
is found that the digitalis action sets in somewhat slowly, and persists 
for a long time, while the nitrites act rapidly, but are excret(Hl com- 
paratively soon. The Ix^st results are thcrefi)re obtained by frequent 
small doses of nitroglycerin, which need not be administered for some 
hours after the first dose of digitalis. 

In some ctises dilatation of the heart seems to be due, at any rate in 
part, to iiicrcjised arterial tension from di.s(?ase of tin* arterial walls and 
of the kidneys. In these cases digitalis is to hr. used with caution, 
beciause of its vaso-constrietor action, and j)erha[)s strophanthus is to 
lx preferred to digitalis, unless one of the nitrilcj scjries is associated 
with the latter. 

A^alvular disease is not in itself an indif!atioTi for digitalis, for tin? 
heart tends to undergo compensatory hyjxrtropliy in favorable condi- 
tions without the use of any drug whatever, ami digitalis is indicated 
only when no such compensation occurs. At the same time hyper- 
trophy of the heart is not a contra-indication, as is often Ktal<'d, for a 
special strain may cause excessive dilatation in a liypertrojdiied lu'art, 
and digitalis may be necessary until a second hy|K*rtrophy has occurred 
and restored the equilibrium once more. 

Digitalis is often pniscribed in tachycardia (rai)id heart) in order to 
slow the rhythm only, but if no other symptoms than acceleration are 
present, other drugs," such as aconite or strychnine, may be substituted 
for digitalis, and do not entail the other changes in the circulation. 

It has been mentioned that the exhibition of digitalis in fever is 
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often followed by a fall of temperature, and Traube recommended it 
as an antipyretic, but it is no longer used for this purpose, as the 
modern antipyretics are much more powerful and certain in their 
action, and at tiie same time are less dangerous. 

The diuretic action of digitalis is also not advised except where 
other indications tlian a diminution of the renal secretion are present, 
for in ordinary cases it lias much less effect than caffeine and other 
diuretics. If the anuria be secondary to disturbances of the circula- 
tion, however, digitalis is the diuretic par excellence and cannot be 
replaced by any of the ordinary means of promoting the urinary secre- 
tion, although they may advantageously be combined with it. Squills 
is more frequently used as a diuretic than digitalis, and it seems prob- 
able that in addition to its action on the heart and circulation, it exer- 
cises some direct stimulant influence on the renal epithelium. Squills 
and digitalis are often prescribed together, where large accumulations 
of fluid have to be removed. A famous pill used in these cases con- 
tains a grain each of digitalis, squills and calomel. 

Several of these drugs are of considerable benefit in pulmonary 
diseases accompanied by cough. Thus in bronchitis, more especially 
in cases of old standing, the addition of squills to an ^^expectorant 
mixture” is often followed by the most satisfactory results. The 
action here is probably two-fold. In the first place, the right heart 
may be dilated owing to the frequent strain put on it by coughing, 
and squills remedies this condition by its usual cardiac action. In the 
second place, all these drugs possess to a certain extent emetic prop- 
erties, and thus cause an increase in the bronchial secretion, and reti- 
der the sputum less tenacious and more easily expectomted. The 
addition of squills, in which this property is more developed than in 
the others, has the same effect as the prescription of ipecacuanha, 
along with the further action on the heart. 

Digitalis is sometimes prescribed to stop haemorrhages, but though 
it constricts the vessels it accelemtes the flow through them, and, as in 
the case of other haemostixtics, the benefits arising from the treatment 
are problematical. In the circulatory weakness following severe hem- 
orrluige and shock the eflects of this scries would seem to be indi- 
cated, were it possible to elicit their action sufficiently rapidly. Unfor- 
tunately many hours generally elapse before the heart and vessels are 
affected, when they are exhibited by the mouth. These conditions are 
generally trcatetl by more rapidly acting measures, such as the intra- 
venous injection of salt solution; the eflec'ts of this treatment are 
maintained much longer if a small quantity of digitalis tincture is 
added to the salt solution. 

Squills was at one time used as an emetic, but this cannot be recom- 
mended, owing to the danger of its absorption. Euonymus has been 
employed as a purgative more frequently than as a cardiac remedy. 
(See page 107.) 

Some conditions in which the cardiac action of this series is to be 
elicited only with the greatest caution, have been already indicated* 
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A further danger, whicli attends the use of digitalis |)orha}>s more 
than that of the rest of the series, is due to its Cumulative Action* 
For the fii’st day or two after the exhibition of this drug no.eifects 
may be noted in tlip pulse or geneml ciroulation ; the ordinary symp- 
toms are then produced, and if the drug be continued, I'cmain fairly 
constant for some time. Sometimes mucii more marked symptoms of 
digitalis action appear suddenly, however, — the pulse becomes alarm- 
ingly slow and irregular, the patient complains of weakness and taint- 
ness, nausea and occasionally vomiting, in fact the symptoms of the 
second stage set in. This is known as cumulative action, and is j)rob- 
ably due to irregularities in the absorption and excretion or d(*si ruction 
of the poison. It is known that the absorption is slow, for 12-d(> 
hours may elapse before any effects follow tlie exhibition of the drug. 
On the other hand, the excretion or destruction must be equally slow, 
for the symptoms sometimes last for several ilays after it has been dis- 
continued. If then anything happens to disturb the ecjuilibriiiin of 
absorption and excretion, if, for example, the excretion is slower than 
usual, or if any irritation of the stoinaeh and intestines causes a more 
rapid absorption, the drug aceuimilates in the bloo<l, and the same 
effect is produced as if a poisonous dose ha<l been adniinist<'red. In 
order to avoid this cumulative effeet, tin? (‘ondilion of tin* pulse must 
be carefully controlled, and as soon as the cinailalion shows any signs 
of excessive action, the drug ought to be discontinued for <me or two 
days and resumed in smaller quantities. These eases of poisoning are 
not serious if observed in time. All of the <ligitalis series hitherto 
examined prove to be cumnlative in th(‘lr action, but soiiu* of them, 
notably digitoxin, are mueh more dangerous than (others. In Jaet, 
according to Fraenkcl, digitoxin can only be used saf<*Iy indos<‘s wliich 
induce no changes in the pulse for sc'veral <lays, for if the pulse be 
slowed by a single dose, its repetition within twcaily-lbur hours induces 
severe poisoning. 

Another disagreeable feature observed in the use of this series is the 
action on the stomach and intestine. As has becui note 1 alr(;ady, the 
local action may produce the usual symptoms i»l* gaslric^ irritability, 
and the patient suffers from loss of appe^tite, nausc a and gastric dis- 
comfort, just when it is important that tlie iiiilritiou sliould be tin* l>(?st 
attainable. Numerous -attempts have therefore lieeii made to obtain 
preparations which possess the cardiac without the local a<Mit)n. Home 
of these seem to be fairly free from irritant j»n)p(?rties ; for example, 
some of the digitalines can even be inject<;d siilxMitaneously without 
giving rise to any irritation or inflammation. Hut unfortunately all 
those preparations vary so much in stnaigih, even when j»repared by 
the same method, that tlicir use is sctarcely to be reconmu‘nde<l. At 
the same time, in cases where the ordinary pharmaeojxra'al ])reparati()nH 
cause marked gastric irritation, some of the so-called jiure principles 
may be made use of with advantage. 

So little is known regarding the comparative action of the members 
of this series that the special indications for each individual are alto- 
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gether indefinite. It is recognized that strophanthus acts less on the 
vessels than digitalis; and this gives an indication for its use in some 
cases. On the other hand; squills acts more on the kidneys than either^ 
and is therefore given frequently as an adjuvant to digitalis in cases 
where diuresis is desired. It also irritates the gastric mucous mem- 
brane more; and is often used as an expectorant. But the details of 
the action of each are still to be worked out. One important question, 
which is practically unbroken ground, is the relative action of each on 
the vagus centre and on the heart. The beneficial results from the use 
of digitalis are, as has been pointed out already, to be ascribed almost 
entirely to its action on the cardiac muscle. The stimulation of the 
vagus may conceivably lessen the benefits of the cardiac action by 
weakening the auricular contraction and slowing the rhythm, so that 
it would be of considerable interest and importance to find a drug 
having the same cardiac action without the inhibitory,^ and, failing in 
this, to compare the effects of digitalis alone with those of digitalis and 
a drug which weakens the inhibitory action. This would have to be 
given in quantities sufficient to prevent an increased inhibition without 
cutting oil* the normal restraining impulses which pass down the vagi, 
and the treatment would be rendered considerably more difficult. 
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XXIX. SUPRARENAL OR ADRENAL GLANDS. 

The suprarenal glands of all vertebrates have Ikh?ii shown to etniialn 
a body which [possesses a powerful action on the organism, and which 
the glands normally secrete into the blood-vessels. The active priiu'iple 
was first isolated by Abel, and has been named tphivphnnv or 
aline. It is a com|xiratively simple substance of rather unstable char- 
acter, readily passing into an inactive modification, ami appears to 
be a feebly basic derivative of benzcme, corrcs{K>nding to the formula 
— CHOH — CII. — NHCII,. 

Tlie characteristic action of adrenaline is best elicited by its inje<*tion 
into a vein, when it stimulate the terminations of the sympathetic 
nerves arising from the lumbar and dorsal ivgions of the spinal cord. 


Fio. 46. 



The first effects observfHl fr<un the intravenous injection of adrenaline 
arc a very marked rise in the arterial blood-pn’ssure, ac<Mimpaiiicd at 
first by aceelemtion, then by slowing, and lat<‘r again by a*'C4'l(*nition 
of the heart. This rise in bIo<K]-j)ressure is f(»r tlu! most )»art due to 
constriction of the vessels f>f the abdominal cavity, l)iit an incn*as(» in 
the eliiciency of the heart similar to that sccmi under digitalis often 
j)lays a part, though a sniiorlinate one. Tin; sinlden imT<‘as(* in pn's- 
sure occurs after destruction of the vaso-motor centre and <*4)rd or w'c.- 
tion of the splanchnic nerves and |)aralysis of the gsinglia on tin* 
vaso-(;onstrictor nerves, so that it is obviously due to direct action on 
the muscle of the vessel walls, or rai the term inn tif»ns of the m*rv<‘s in 
them. All the vessels of the lM)dy are liot eonstrictf^d by adrenaline, 
however, for those of the lungs, h«irt, and brain an? outside its sphere 
of action, not receiving nervc*-fibres from the thonicico-lurnlmr crj>rd. 
The bl(x>d is, therefore, divertel from the alwlominal cavity to thm>» 
organs, which under adrenaline becfanc noti«*cabIy congestal. And 
even in organs whose vessels are constriclr*^!, the digree varies consid- 
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erably, apparently according to the amount of control normally exer- 
cised by the constrictor nerves ; thus the vessels of the uterus are more 
contracted than those of the bladder, and these again more than those 
of the striated muscles. The terminations of the vaso-dilator fibres are 
also excited by adrenaline, as may be demonstrated by paralyzing the 
constrictor terminations by ergotoxine, when adrenaline causes a fall of 
blood-pressure ; but in normal animals this action is (mtirely concealed 
by the stimulation of the more powerful constrictor functions. 

The acceleration of the heart under adrenaline is due to stimulation 
of tlie terminations of the accelerator nerves in the heart-muscle, and 
is therefore accompanied by a stronger contraction and more complete 
evacuation of the chambers. Very soon, however, the acceleration 
gives place to the slow, full beat characteristic of inhibitory activity. 
This is very much lessened by section of the vagi and completely dis- 
appears under atro])ine, so tliat the chief (jause of the slow beat is 
obviously exciitation of the vagus centre. This excitation is not due to 
direct stimulation of the (;entre by adrenaline, but is the result of the 
increase in blood-j)ressure. Afka" a short time the blood-pressure begin- 
ning to fall, or, the vagus centre beexaning exhausted, the accelerator 
stimulation again gains the upper hand and the pulse is much 
aceelerakd. 

The ('fleets on the hcai't. and vessels resemble in many points those 
under digitalis, but differ from these in their more ra})id onset, their 
greater intensity, and their short duration. The frog^s heart is less 
(easily affected than by digitalis, but similar changes have been 
observed. 

The c'ffi'cts on the circulation, and also on other organs, last only a 
few minuk's, but can be renewal by a fresh injection. 

The conti-action of the vessels may be demonstrated by perfusing 
bhxxl <!ontaining a trace of it througli excised organs, for much less 
blood escapes from the vein than when bkwxl alone is perfused. Or a 
solution may be applied t# a mucous membrane, when the part becomes 
pale and amemic from the construction of the vessels; this is well seen 
when the drug is ap])lied to the congesk'd conjunctiva or to the rnesen-^ 
tery. l^iinkHi on the unbroken skin adrenaline has no effect, as it fails 
to penetrate it, but (kmiided siirfiu'es become blanched and haemorrhage 
ceases from small vessels. It has no effect when painted on the lung or 
on tlie brain, the vessels here not iweiving fibres from the sympathetic. 

Besides the vessels and hc'art, other orgsins innervated by the thora- 
cico-lumbar sympathetic fil)res also respond to adrenaline, the nature of 
the response varying with the nature of the impulses normally trans- 
mitted by these nerve-fibres. Thus, the peristaltic movements of the 
stomach and intestine are inhibited by sjdanchnic stimulation, and 
adrenaline has the same effect. But certain specialized parts of the 
bowel wall reijeive motor fibres from the sympathetic — the pyloric, ileo- 
colic, and internal anal sphincters — and these are thrown into contrac- 
tion by adix'nuline. The movements of tlie gall-bladder are inhibited, 
and those of the gall-duct are increased by sympathetic stimulation and 
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also by adrenaline, and many other insUinces of similar aetion luive Ihhmi 
ox)llected by Elliott. One of the most intewsting is presentinl by liu^ 
uterus, which in the pregnant cat contracts on stimulation of the TiypO. 
gastric nerves or after adrenaline, while in the non-pivguant animal both 
of these cause inhibition and lelaxation ; in the rabbit, on the otlu'r 
hand, both cause contraction in all eases, while in the dog both causes 
contraction, followed by relaxation. The react itm of the bladdt'r to 
adrenaline differs in different sjKHiies of animals according to tlie nature 
of the dominant impulses of the lumbar sympathetic nerves. In the 
eye adrenaline generally dilates the pupil, the eyelids are wid<dy 
o|>cncd, the eyeball is protruded, and the nictitating membrane with- 
drawn, especially when the irritability of the terminations has been 
increased by previous section of the cervical sy inpath(*ti(? coi*d. One 
set of jLinstriatcid muscles which fails to reac^t in any way to adrenaline 
is that encircling the bronchioles, and these appt^ar to be devoid of 
sympathetic innervation. 

Thus acflcnaline causes contraction of some forms of iinstriat<*<l miiscde 
and relaxation of others, and it tluu'efbre appears unliIvcJy that it acts 
on the muscle directly. On the otlu*r htuul, its (‘ffwts correspoinl V(»ry 
closely with thos^; of sympathetic stimulation, so that the infc rence has 
been drawn that it affects the terminations of the nervijs. Agjiins! this 
it may be argued that when these n(*rv(*s ar<^ cut and allow(‘d (o degeii- 
enite adrenaline still acts, but this merely indicates that flu* point at 
which adrenaline acts does not d(‘g<*nenit-e.* 

The secretions do not present such mark(Hl (hangers under adrenaline, 
though they are also generally imjreased wlaai tiny arc* (*on(r(»ll(*d by 
the sympathetic nerves. This may be* clue to the* fiu^t that the blc Mid- 
supply is simultaneously rciduc^ed by the vaso-eonstrieiion. The saliva 
under adrenaline corresponds in eJiaraetcn* with that sc*e.retc‘d on stimu- 
lation of the cervical sympathetic trunk, not with that from chorda 
tympani stimulation. Less urine than normal is secretwl, or (jomplete 
anuria may occur. ^ 

The action of adrenaline injected intravenously is of’ very short 
duration, and it seems probable that it is ra])idly destroycHl in the 
tissues. Elliott states that it disap[)<*ars more japidly in those organs 
on which it acts than in indifferent on(?s, such as the lungs. It seems 
jirobable that it undergoes oxidation mpidly. ’Fhc^ short duration of 
the effect has also been explaineil by the nervc*-terminations rapidly 
acquiring tolerance for it, but this has ncit received ad(;cjiiat43 <*xpeTi- 
^montal 8upi)ort. 

Adrenaline applied iocally induces such vaso-constricition that it is 
only slowly absorbed ; and it, therefore, has only local effeerts when it is 
given by the mouth. Injected liyiKKlernncaNy it cauHC‘s locsd isclaemia, 
but no further effects except in enormous di»sc*s. In particular the 
blocxl-pressure is seldom increased by this rnetliod c)f administration ; 
injected intramuscularly it sc?cms to have rather more gcnc*ral effe<Jt. 

Animals are poisoned by large amounts injeciicsl hyjMxlermicjally, and 
* A special term, inyoneunil junction,” has been coined to express this p<jint ( Klliott ). 
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even smaller quantities induce glycosuria and inflammatory changes 
in the liver and kidneys. Larger quantities cause prostration, collapse, 
and paralysis of the central nervous system, ending in failure of the 
respiration and a3dema of the lungs. Similar symptoms arise from the 
intravenous injection of very large quantities, but here the effects of the 
very high blood-pressure are also in evidence in numerous hsemorrhages. 

The intravenous injection of adrenaline in the rabbit often leads 
to atheromatous degenemtion of the aorta, apparently from the 
strain caused by the high arterial pressure ; it does not occur in other 
animals. 

Preparations. — Extracts were at first made from the fresh glands, but 
soon the dried glands were introduced — fflandulce mprarmaUs siccce 
(U. S. P.), the dried glands of the sheep or ox — and a watery solution 
made from these may be used. The active principle has been put on 
the market under the name of adeenaline, and tins has almost 
entirely su])planted the cruder prepanitions. It is generally used in 
1 per mille solution, but often in one-tenth or even one-fiftieth of this 
sti’ength. This solution may be disinfected by boiling, and does not 
induce any general symptoms unloss when injected intravenously and rap- 
idly. A synthetic substance, suprarennme, has been prepared recently, 
but appears to possess somewhat less strength than adrenaline. 

Therapeutic Uses. — Disease of the suprarenal gland leads to a series 
of symptoms known as Addison’s disease, and it has been supposed 
that the extract of the gland might counteract this condition by sup- 
plying the substance whose deficiency induced the symptoms. As a 
matter of fact, however, but little success has attended its use for this 
purpose, and the failure may perhaps be due to the method of applica- 
tion, for it has been shown repeatedly that the characteristic effects of 
epinephrine cannot be elicited by its administration by the mouth or 
subcutaneously. It is possible that the extract might prove beneficial 
if it could be brought into the blood directly but this is quite impos- 
sible in a chronic condition such as Addison’s disease. Its general action 
on the circulation might be taken advantage of in sucli emergencies as 
heart failure under anaesthesia or in shock, and in fact Gottlieb has 
shown that in animals poisoned with chloral or chloroform until the 
pulse has almost completely ceased, the circulation may be restored 
immediately by suprarenal extract. In order to elicit this action, the 
drug would have to be injected intravenoiLsly and little danger is to 
be apprehended from small doses if one can judge from the results in 
animals ; no such treatment has yet been adopted in man. 

The great use of suprarenal preparations is however due to its local 
effects on the vessels. No other body is known which induces such com- 
plete contraction of the vessels in any part to which it is applied, and 
in addition suprarenal extract has only local effects, unless injected 
into the blood. Complete bloodlessness of a part may thus be elicited 
without alteration of the general blood-pressure, and in fact without 
any appreciable effect upon other parts of the. body. This local 
ischmmia has been lat*gely employed to allow of bloodless operations 
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on the eye and to remove congestion from the iHmjnnetiva from various 
causes. It is often administcied with cocaine in operatu»ns on the eye 
(1 in 10,000 solution of adrenaline). In congestion of the nasal 
mucous membrane and in ojHjrations on tlu' nose it is also usihI exten- 
sively and witli much success; the 1 j)er niilUr solution niav lx* 
sprayed into the nose, or cotton soaked in it may be j)aeked intt» the 
cavity. In epistaxis and in ojiemtions on the nose, the hiemovrhage 
ceases almost completely and the contraction of the mne(»ns membrane 
permits of a clearer view of the Held of operation. Jlay fever is 
often relieved by similar treatment with suprarenal prejmrations. A 
solution of adrenaline has been found nsefnl in lucmorrhage trom the 
ear, mouth and throat, and in controlling ha'iiiorrhage in operations in 
general surgery. 

Griinbaum lirst suggested its administration by the mouth in gastric 
haemorrhage, in whi<;li tlie action is contiiu'd to the mucous membrane 
of the stomach. Similarly it may he injected into the re<^tum, bladder 
and uterus in congestion or laemorrhage trom tliesi^ organs, and S(‘hrifer 
recommends it especially in post-partum ha'mori‘liag(% in whicli it acts 
not only on the uterine vessels but also on the mnscniar walls, and 
arrests the blee<ling by causing atonic contracthm. In al! of tliese 
cases the suprarenal preparation has ta be applied <lirectly to the 
bleeding organ ; and no eflects will follow iVoin its being carricnl to 
them by the circulation. The local contraction oJ‘ tin? vessels last« 
very much longer than that indu(‘ed by intravemais iiii<‘(*tion, for even 
dilute solutions indiiec is(‘hiemia lasting from thirty ininut(*s to two 
hours, according to the rapidity with whieh the c‘xtraet is absorbed. 
The vessels of some organs do not <‘onlraet under adn‘naliiie, and no 
benefit is to be ex])ected from its e.pplieation in laeinorrhagi* from 
these ; spniying adrenaline into the Jniigs in east* <»!' laemoptysis, for 
example, is quite useless, an<l siuiilarly lueinorrhage in operations on 
the brain cannot be controlled by it. 

The constriction of the vesst'ls in a ]>art to which adrcMialine is 
apjdied retards the abs(»rption of poisons injetjfetl with the adrenaline, 
and at the sjune time permits of their (*xereising a more marked loenl 
effect. This fact has been utiliztxl in snrgt^rv tfi prevent the* absorp- 
tion of cocaine and iiitensif) its local action, and the nu^thod has l>eeii 
attended with most eiKioumging results. A ft!W tirops of the 1 per 
millc solution arc added t(» tlic Sehh?i<4i’s solution ol <tc»eaiiie, and 
blanching of the tissues rcsidts ; instead of cocaine, any of its substitute's 
may be used. 
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XXX. THE NITRITES. 

The nitrites would naturally fall among the inorganic salts, but they 
act chiefly upon the circulation, so that it is convenient to place them 
near the digitalis series. 

Those whicli have been examined more carefully are the NitHte of 
Sodiumy and the Nitrous Ethers of the methane series, especially tlie 
Nitrite of Amyly which is largely used in therapeutics. In these com- 
pounds the radicle — NO is attached to the metal or alkyl through 
an atom of oxygen, the formulje being K — O — NO, CH, — O — NO, 
Cydy — O — NO, — O — NO, etc., and the chief constituent is the 

O — NO, the metal or radicle being of less importance. A closely 
allied series of bodies are the nitrates, in which the nitrogen has five 
aflinities and is connected again to the metal or radicle by oxygen, 
K— O— NO,, OH. —O— NO,, O— NO,, etc. The metallic 

nitrates differ entirely from the nitrites in their effects and will be dis- 
cussed along witli the other inorganic salts. Some of the Nitric EthvrSy 
however, undergo a reduction when brought into contact with organic 
matter, and nitrites are thus formed, so that these bodies have effects 
very similar to those of the true nitrites, and have to be discussed 
along wnth them. The best known of such nitrates is the so-called 
Nitroglycerin y which is really the trinitrate of glycerin, (CH,(ON02)- 
CH(()NO.,)On,(ONO.,)), and is broken up by alkalies into a mixture 
of nitrates and nitrites. The nitrates have practically no action in the 
small quantities given, so that almost all the effects of nitrogl 3 ^cerin 
are due to the nitrite formed.* Many other organic nitrates also form 
nitrites in the tissues, but none of them with such rapidity as nitro- 
glycerin. 

Tw'o whicli have been used to some extent in the last few years are solids 
— Kt'ythrol TeiranUrate and Mannitol Hexanitrate. They act much more 
slowly and for a longer time than nitroglycerin. 

Another scries of bodies which may be mentioned as occasionally acting 
like nitrites, although more feebly, are the nitro-bodies. In these the nitro- 

* Some doubt has been expressed of late years as to whether this reduction to nitrite 
really occurs in the tissues, and some grounds exist for the belief that nitroglycerin acts; 
as such (Marsha 6). ^ 
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gon is attached to the alkyl directly, and not lbi*ough the intervention of an 

H 

oxygen atom. JGxamples of these are Kitroinethano, H(?— XO., and Nitro- 
H 11 

ethane, CHj — C — NO.. Their action is so feeble as to pn elude their use in 
11 

therapeutics, and seems due to the — NO^ being split oil* in the tissues and 
reduced to nitrites in.very small quantity. 

The best known member of the group is Amyl Nitrite, and its tietion 
will first be described, while the points in which the oflects of the 
other members diverge from it will Ik* discnsswl later. 

The characteristic results of the absorption of amyl nitrite are dila- 
tation of the vessels and tlic formation of* inctlnemoglohin. 

Symptoms. — After the inhalation of a few drops of amyl nit rite, the 
face becomes flushed, and the patient cnunplains of a feeling of fulness 
and throbbing in the head. Some headaclieand confusion is often pre- 
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Tracing of flic blood-preHSuro in flu? rabbit under amyl nitrite. Kroiii .1 to //, the lilooibpiv-sMirc Ih 
file normal. At If Ibe Inhalation was begun and flu* dislni banco of the ivKpiralloit in rcliccicii in the 
blood-pressure (racing. Iiiiiuedialoly afterwards the hiood-prcKMire lH*giuN to fall and c«in(inio‘h to di» 
.so even after the iiihaiutiou ceased at C. Note that the rliytliin and strengtli of tliepiilNe are ooiiipur- 
atively little altt'red. 

sent, the pulse is accelerated, and the mspiration is soimnvhat <j nicker 
and deeper. The flush is often confiiu'd to (he face and neck, hut some- 
times spreads over the whole trunk, and passt s ofl* in a few inimiUfS, 
unless the inhalation is continued. Jf large* (juantitic's of the drug bt? 
inhaled at once, however, or if the inhalation he coiitimi(*<l for some 
time, a feeling of giddiness, weakness and ev(*ntually stupor follow, 
the pulses becomes slow, while the respiration still nanains aeceleniled, 
hut is shallower and often somewhat irregular; convulsive iriovcrncntH 
may occur, but in general large quantities may lie taken witluuit acrtnal 
danger in the human subject. The blood is said to have assumed a 
dark color in some cases, but this swiin-s to lie ran*. 

Action: Circulation. — In experiments on animals, the flushing and 
dilatation of the arterioles of the head is foinid to hff accompanied and 
followed by a profound fall in the blocKl-pressure. The heart isacw*!- 
erated at the same time, and seems not to be responsible for the change. 
The cause, as has been reiK*aU'dly demonstrated, is the dilatation of 
the peripheral vessels, both arterioles and veins widening v(!ry consid- 
erably under the influence of the drug ; tin* vcsmjIs of the abdominal 
30 



466 OBGANIG DRUGS ACTING AFTER ABSORPTION. 

orgaDS arid the head are more affectal than those of the extremities. 
This widening of the vessels might be produced either by depression 
of the vaso-constrictor centre, or by depression of the nerve ends and 
muscle of the arterioles and as a matter of fact each of these explana- 
tions has had its supporters, but the latter is now almost universally 
held to be the correct one. Stimulation of a constrictor nerve such as 
the splanchnic still produces some rise in the blood-pressure, so that 
the nerve terminations seem to be intact, and the seat of action of amyl 
nitrite is therefore held to be the unstriated muscle of the arteries and 
veins. No satisfactory explanation has been offered for the fact that 
in the. skin only the vessels of the head and neck should be dilated, 
but other facts seem to indicate that these vessels occupy an exceptional 
position as regards their innervation and their reactions to drugs. 
Darwin was the first to {loint out that the blush of amyl nitrite corre- 
sponds in extent with the blush produced by emotion. Even in the 
frog the arterioles of the tongue are said to dilate more than those of the 
mesentery and the web after the application of amyl nitrite. The vaso- 
constrictor centre is often said to be depressed by amyl nitrite, and. 
this may ])os.slbly l)e true, though this central action must be quite in- 
significant compared with that on the arterial walls, and has never 
Ixicn demonstrated even by the most aireful and ingenious methods of 
experimentation. The direct action on the vessel walls may be easily 
shown by passing blood into the artery of the amputated extremity of 
an animal, and measuring the amount coming from the vein. If a few 
drops of amyl nitrite be added to the perfused blood, the outflow from 
the vein is greatly increased, although here no nervous mechanism can 
be concerned. 

The accelcmtion of the pulse is more marked in man and the dog 
than in other animals, and seems due to a depression of the inhibitory 
centre in the medulla oblongata, though several authors consider that 
a feeble, direct action on the heart is also present. The coronary 
arteries of tlie heart are dilated along with those of other parts of 
the body. 

Large quantities of amyl nitrite slow and weaken the contractions 
of the heart, owing to a direct depressing action on the muscle. In 
the frog, the heart is usually slowed from the beginning of the appli- 
43ation. 

The Respiration is generally accelerated, and at the same time ren- 
dered deeper by amyl nitrite. Not infrequently the breath is held at 
first, owing to a reflex from the nasal mucous membrane, but this is 
not so marked as in the inhalation of more irritant vapors, such as 
chloroform or ether. The acceleration seems due to a direct action on 
tlie respiratory centre in the- medulla. After long inhalation the res- 
piration becomes slower and shallower frem depression of the centre, 
and in animals death occurs from its complete paralysis. The dilata* 
tion of the systemic arterioles permits the accumulation of blood on the" 
venous side of the circulation, and this in turn leads to the amount of 
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blood in the lungs being augmented ; the walls of the pulmonary ves- 
sels are scarcely affected by the nitrites directly. 

The Kidneys are not much affected by this series ; oetnisionally a 
slight increase in the urine is observed, at other times a decmisi^, and 
after large quantities anuria may occur. Tlie changes are evidently 
due to the changi?s in the calibre of the renal vessels, A small <pi:ui- 
tity may widen them when they are too contracted to alK>NV of the 
maximal secretion, while on the other hand, if the normal aililm is 
the optimal, a nitrite may lessen the secretion by lowering the geuenil 
blood-pressure. When large quantities lower the pressure, they in- 
evitably lead to a lessened activity of the renal epithelium, whieh inay 
result in complete anuria. 

Small quantities of amyl nitrite seem to have no action whatsoever on 
tlie higher parts of the Central Nervous System. 

The throbbing in the head and slight confusion 
are evidently due to the dilatation of the ves- 
sels, in which the brain circulation is involved 
as well as that of the rest of tlie body. Tlie 
sight is curiously aff(?ctetl in some p<*oj)le, for 
when a dark object on a white baekgronnd is 
looked at, it seems siirroumled by a yellow 
ring and tlmt again by a bine on(^ In the 
beginning the medullary cemtres may be acted 
on reflexly from irritation of the nasal sensory 
terminations; the respiration is inhibited, while 
the blood-pres8ur<j may rise and the heart Ik? 
slowed from reflex action on tlu? inliibitory and 
vaso-constrictor centres rcispecti vcly. A fter- 
wards, the resj)initory centre seems to be stim- 
ulated, the inhibitory is depressed, while the 
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vaso-motor i.s practically unaffected. The spinal 
cord is not acted on iu mammals, but is de- 


lU«M.Ml-pr<*KS»n* umirr amyl iil- 
triUt tukiMi on n vim v kIom' (iniii) 

I onior lo (liMiioitMrtiii; llii« ro> 


in froo* crovery. 'riio wlu.li* irm-liiK ot> 

prtssea in inc irog. ^ i j,,, 

After larger quantities convulsions arc often 
observed ; tiicse 8<!em to be of certd)ral origin, im™ I'* nurnmi. * (Cakh A iitu- 
and are ]>robably due to dire(;t action on the 

nerve cells, and not t<; the circulatory chaiig<?H, althougli some authors 


attribute them to anaemia of the brain. 


The Peripheral Nerves and the Muscles are unafft^etcwl by the inhala- 
tion of amyl nitrite, but when the frog’s inuschts arc exposed to tlie 
direct action of the vapor, they undergo a slow fiassive shortening and 
rigor, and on periodical stimnlatiou the cjontraelions become rapidly 
weaker, until finally no ros|K)ns(? i.s madr? to tin* elecrtric shock. In- 
voluntary mu.scle is more easily aflV?<5t<‘d tlian striate<l fibn*s, as has 
l>een shown by the behavior of the intc*»tinc and ureters, but even these; 
seem le.ss readily paralyzed than the? niiiseJe of* the vessel walls, the d(>- 
prossion and paralysis of which k;ad to the fall in the arterial tension, 
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as has been already stated. Tlie nerve tenniiiations seem to be un- 
affected even by very large quantities, so that as long as a contraction 
of the muscles can be elicited by direct stimulation, it follows also on 
stimulation of the motor nerve, and the vagus terminations in the heart 
can transmit impulses as long as the heart continues to beat. The 
Temperature is somewhat lowered by the nitrite series, owing to the 
dilatation of the skin vessels, but this fall is very insignificant. 

Amyl nitrite causes the Blood to assume a dark chocolate color, 
both in the body and in the test-tube. The color is due not to any 
compound formed by the nitrites, but to their changing the haemoglo- 
bin to inethaemoglobin and nitric-oxide-haemoglobin compounds in which 
the oxygen is attached much more firmly than in oxyhaemoglobin, and 
which differ from it in the absorption bands seen in the spectrum. 
This change in the luemoglobin does not entail the destruction of the 
red corpuscles, and the compounds are eventually reduced by the tissues, 
although the reduction progresses much more slowly than that of ordi- 
nary oxyluemoglobin. In man, usually very little of the haemoglobin 
is thus transformed, and even after large quantities have been inhaled 
jio abnormal coloration of the blood is noticeable, but it has been de- 
monstrated recently that the alteration of the hfemoglobin is the cause 
of death in some animals, through the blood becoming incapable of 
carrying oxygen to the tissues. If, however, asphyxia be prevented 
by the inlialation of oxygen under pressure, the tissues themselves are 
eventually acted on. The formation of metha3moglobin does not seem 
to bear any relation to the action of the nitrites on the vessel walls. 

Excretion. — After absorption into the blood, amyl nitrite seems to 
break up with the formation of nitrites of the alkalies. These undergo 
partial oxidation and appear in the urine in the form of nitrates and 
nitrites, but the (piantity of these excreted is never equal to the nitrite 
absorbed, so that it seems probable that some part undergoes still fur- 
ther change and appears as one of the normal excretions. The amyl 
disappears, and is probably oxidized completely, although some may 
appear in the breath. 

Nitrite of amyl given by the stomach is very much less active than • 
when inhaled, as the nitrous acid is freed by the gastric juice and im- 
mediately decomposes. AVhen injected subcutaneously it acts much 
more slowly and weakly than when absorbed by the lungs, and gen- 
erally gives rise to glycosuria and slight diuresis. No satisfactory 
explanation of this fact has been given, but it is possible that the 
formation of metluemoglobin may cause partial asphyxiation of the 
tissues, and thus cause the formation of excess of lactic acid and gly- 
cosuria. 

The pharmacopoeial amyl nitrite, with which most of the experi- 
ments have been performed on which the above description is based, 
is not a- pure substance, but consists of the nitrites of two different 
amyls — a-amyl and /9-amyl — along with isobutyl, ethyl, and propyl 
nitrites. A number of the pure nitrites have been examined by Cash 
and DuiTistan, who find that in general features they resemble each 
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other closely* Tlie more unstable the compound, the more rapidly 
does the fall in blood-pressure occur, wliile tlio less easily decomposed 
compounds are somewhat slower in their action, but wiuse depivssion 
of the blood-pressure for a much longer time. The acceleration of 
the heart and the extent of the rigor produced in the frog’s muscle de- 
pend also on the rapidity of the disintegration of the nitrite compound, 
and therefore are parallel to the fall in the blood-pressure. 

The Nitrites of Potassium and Sodium aet very similarly ti> those of 
the alkyls. They seem to have a more powerful action on muscular 
tissue, however, at any rate in the frog, for the muscles are j)araly/c<l 
before the spinal eord, while after amyl nitrate the reverse is tlie (rase. 
They are administered by the stomach, and tlierefora act more slowly 
than amyl nitrite, but their effcKJts last much longer. The gastric juice 
liberates part of the nitrous acid bidbre al)st>rption can occur, and it is 
immediately decomposcHl and often causes some eructation. The nitric 
acid formed from it may also give ris(‘ to irritation of the gastro-in- 
testinal mucous membrane. The nitrite absorbed is excrete*! as nitrate 


Fio. 4 {). 



TMaKHira to illustrate tlic intensity aiul «luratioii of the aHion of tin* lurniliiTH of Oii* nitrile snritMi, 
Tlic extent of the full of jiressure is iiieu.siired aloijf' tho vert inti, the ilnrulion alon^ the lion/oiital 
line, -i, uniyl iiitrite, ethyl nitrite, el<'.; /»', iiitroj'lyeeriii ; f\ *s<nliuiu nitrite; />, eiyihrol letrunitnite. 
The greatest rediiet ion oecMirs iii .1, hut it passes otl' for the iiio.si part in U lulnntes ami entirely in 20. 
Nitroglyueriii acts more rapidly than the la.st two, and il,s elli'ets eoiilinue ainnet as long us tiio.se of 
sodiuiu’ nitrile. Krytlirol letriiiiitrate only exerts itj» fttU ellV'el. after tin- ae.tioii of the others has 
jHUi.sed oH*. (After nuAniiiTJtY. J 


in the urine, although some of it may rcMnain iinoxi<!iz(?d. The metal- 
lic nitrites do not as a rule cause so mueh li**adaclic an«l flushing of 
the face and neck as the alkyl <?omponn*ls. 

Nitroglycerin produces the same ciie<*ts as the o<h*,T members *)f 
this series, but acts mu(*Ji more powerfiiliy than (‘iiher the melallie or 
alkyl nitrites. It j)rescnts some minor p*)in<s of difference?, as in pro- 
ducing (Convulsions in the frog and in some mammals when givcjii in 
very large quantitie.s, and in can.sing more severe h**adach(? in man. If 
is not decomposed in the stomach, but on r(?aching an alkaline fhiid, 
such as the blood, aton(?e breaks up into glycerin, nitriti'S and i)ltrat<?«, 
in the ])roportion of two parts of the forin*?r salt to on*‘ of fhc lafter. 
Its action commences very soon after its administratioii, and lasts 
much longer than that of amyl nitrite. The <*x|ilanation of its gn‘ater 
activity may be that it is absorbed unchanged, but is then broken 
up at once, while the metallic nitrites are decomposed in the stomach 
and much of the nitrous .acid is lost. 

The convulsions are probably due to the whole molecule of nitro- 
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glycerin, which may perhaps be decomposed more slowly in some 
animals than in others. Nitroglycerin is not wholly broken up in 
the human body, however, for it has been found in the urine, and the 
headache wliich so frequently follows its administration in man, has 
been ascribed to the undecomposed molecule, and not to the nitrite 
constituent. It is generally supposed to be extremely poisonous, 
and is prescribed in exceedingly minute doses, but it has been shown 
that while very small quantities are sufficient to produce therapeutic 
effects in man, the toxic dose is enormous in animals. 

Several other organic nitrates have also been found to reduce the 
blood-pressure, and to cause the formation of mcthsemoglobin, but their 
decomj)osition proceeds much more slowly than that of nitroglycerin, 
and they have not been much u^ in therapeutics. Erythrol tetrani- 
trate and mannitol hexauitrate act more slowly, and the fall of pres- 
sure is more gradual, and lasts longer than under any others of the 
series. 

PllEPARATrONS. 

Amyi. Nitius (B. P.), Amylis Niteis (U. S. P.), a yellow, very volatile 
fluid, with a stroii};, fruity odor, soluble in alcohol and ether, but nipidly decoin- 
I»ose«l by water. 2-!i drops are poured on a handkerchief and inhaled. A con- 
venient prcpariition is the amyl nitrite “iiearls,” which are thin glass capsules, 
each containing a dose of the remedy, and one of which is broken in the hand- 
kerchief when necessary. Amyl nitrite is liable to decompose when kept long, 
and ought to he used only when recently prepared. 

HFJRiTirs Gi,yc'Eryj.is Nituatis (U. S. P.^ Liquor Trinitrini (B. P.), is 
a 1 per cent, alcoholic solution of uitn^lyecrin. 0.0!1-0.2 c.c. (i-4 mins.). 

Tabki-ua: Trinitrinx (B. P.), or nitroglycerin tablets, are formed of choco- 
late, and contain each gr. of nitroglycerin. 1-2 hiblets. Nitroglycerin is 
much more liable to decompose in tablets thim in the alcoholic st)lution, and the 
latter ought to bo preferred in therapeutics ; even the alcoholic solution should 
not be kept too long. 

Liquor Ethyl Nitrilw (B. P.), a solution in alcoliol and glycerin of ethyl 
nitrite (2^-3 per cent.), forming a limpid liquid of apple-like odor and taste. 
20-C0 mins. 

Soda Nitrk (U. S. P., B. P.) (NaNO,), 0.05-0.1 G. (1-2 gi‘s.). It may be 
prescribed in tablets or in solution. 

Spiritits uIOtheris Nitrosi (U. S. P., B. P.), sweet spirits of nitre, con- 
tains only traces of ethyl nitrite, along with ether and aldehyde in alcoholic 
solution. When freshly prepared it acts like the other nitrites, but when 
pre.seribcd along Avith water, as is usually the case, the nitrite escapes 
rapidly, and it has little effect except from the ether and alcoliol. 1-5 c.c. 
(20-90 mins.). 

Nonofficial. 

Erythrol tetranitrate (CH,0N0,(GH0N02)2CH,0N0,) is a solid, and is 
recommended in doses of 0.05 G, (1 gr.), in pills, tablets or alcoholic solu- 
tion. lake nitroglycerin, it is a dangerous explosive, and one fatality has 
already occurred in forming it into pharmaceutical preparations. 

Therapeutic Uses. — The nitrites were introduced into therapeutics 
by Brunton^ Avlio advised their use in angina pectoris to relieve 
spasm of the arteries. They arc certainly the most powerful depres- 
sants of the blood-pressure known, and may be used in all cases where 
this appears abnormally high. For rapid transient effects nitrite of 
amyl seems specially indicated, while nitroglycerin and nitrite of so- 
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dium are more suited to produce a depression of some duration. Thus 
during the attack of angina pectoris, amyl nitrite is often found to give 
instant relief, but if nitrite of soda is administered every 4—6 hours, no 
attack may owur. The disadvantajp of the metallic nitrites is the fre- 
quent eructation they produce, while nitroglycerin often causes severe 
headache, which, however, disappears in some cases after repeated use. 

Besides in angina pectoris, the nitrite series may be used in any con- 
dition in which it is supposed that the arterial tension may Iw lo\vei*cd 
with benefit to the economy. Thus nitroglycerin has \wn advised 
in heart disease and has accordingly becm placed by some among the 
heterogeneous group of Cardiac tonics or stimulants.^' Its benelieiul 
effects are not due to any direct action on the heart, but to its decreas- 
ing the resistance iigaiiist which the systole is performed. In this way 
the contmetion of the ventricle is rendered more cmnplete, and the 
output of the heart may be increased. In weak hearts struggling 
against a high aortic resistance, this relief may be followed by marked 
benefit, and for this reason nitrite preparations (iiitroglyeerin)are often 
prescribed in chix)iiic Bright’s disease. 1 )igital is eaiis(\s a eontnietion of 
the peripheral arterioles along with its pro|H‘r cardiac action, and the 
addition of nitrite may be advisable in some cases in order to neutnilizo 
this peripheral action. In those cases the nitrite of soda or nitrogly- 
cerin is of course preferable to amyl nitrite, whose aciitm is too transient. 

S See Digitalis, page 455.) Amyl nitrite has been advised in acealcaits 
Inring chloroform amesthesia on the theory that it would heiu^it the 
circulation ; but, as a matter of fact, it would ap|)(‘ar strongly ctintra- 
indieated in those eases in which it is true that the heart is <*xtrem<»ly 
deprc‘ssed, but in which the arterial tension is |»ra44i<^all y zero. I ts us<i is 
especially irmtional if, as has been .suggested, iIk; failure of the* re.spim- 
tion is partly due to amemiaof the central n(*rvtais system. The <*ase.H 
in which nxjovery has occurred after this measure may, in fact, be sjiid to 
have recovered not owing to, but in spite of the n.se of amyl nitrite. 

In very advanced degeneration of the cardiac nuiscJe fibn*, the ad- 
ministration of amyl nitrite is distinctly contraiii(licat<Ml, for thehlood- 
pressnre is low and any further reduction may lead to syncope from 
anaemia of the brain, and to still greater weakness of the heart fioni 
the low pressure in the coronary arteries lessening its nntrilion. 

Nitrite of amyl has been u.sed largely in asthma an<l in cardiac 
dyspneea. Its action is often beneficial and has been attributed to its 
depressing the bronchial muscles, which arc suppo.swl to he in a con- 
dition of spasmodic contmetion in asthma. In the cardiac caws its 
action in removing the dy.spiKBa may be due to its lowering the pres- 
sure in the systemic arteries and thus relieving the lu^irt. 

In some cases of headache, nitrite of amyl is of marked Iwnefit, 
while in others it aggravates the condition. This in perfectly int<4- 
ligible, as some forms of hemlaclie may Ixi due to constriction of the 
arterioles while others are accomi>anied by a congesUid wndition of 
the vessels of the head. 

From spasm of the circulatory organs, the use of nitrite of amyl 
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has been extended to other forms of spasmodic seizures, such as epi- 
lepsy. It seems to be of little or no value, as indeed might be ex- 
pected from its pharmacological action. In some cases it even seems 
to increase the tendency to convulsions. 

Sweet spirits of nitre has long enjoyed a popular reputation as a 
diaphoretic and diuretic. It seems to have little action either on the 
kidneys or the sweat glands, and might be discarded from the phar- 
macopoeia without loss. It is of more value as a carminative and 
flavor than for any other purpose. 
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XXXI. ERGOT. 

Ergot is a parasitic fungus (Claviceps jmrpum) wliich grows on the 
rye (Secjile cereale) tuid occtisionally on other kinds of grain ; more 
I’jirely on other plants. It is of great importance in therapeutics and 
also in toxicology, as the use of bread and meul containing it has fre- 
quently given rise to widespread epidemics. In these the chief symp- 
toms consisted in gjuigi’ene of the limbs or in convulsive movements 
and contmetures. 

The chemistry of ergot ha.s been the subject of a large number of 
investigations,^ but these have been attended with little success until 
the last few ycai’s. The question of the chief active principles seems 
to have been settled by the recent work of Barger, Dale, and their co- 
workers, who have found two alkaloids in the fungus, one of them, 
ergotoxine, being the hydnite of the other, ergotinihe. 

Of these, ergotoxine has a very jxowerful action on the 
tissues, while ergotinine is apparently almost inert. Either alkaloid 

* These have genenilly resulted in the introduction of some supposed active constit- 
uent, but none of these were chemically x)ure and the names have now only historical 
interest. The best known of these names are eeboline, ergot ine, picrosclerotine, sclero- 
crystalline, spbacelinic acid, oornutine, chrysotoxine, secalintoxine, sphacelotoxine, 
hydroergotininew ^ 
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can be readily transformed into the other, and this mav* explain many 
of the discreixnicies in the literature of the subject. TIuto still 
remains a doubt whether the whole ac^tiviiy of ei^^ot can be explaiiMHl 
by its content of ergotoxine, and it must be admitted tlnit theix^ mav 
|)Ossibly be some other active body. No convincing evideiUH* for this 
has appeared as yc^, howevtT. In addition to the alkahads, ergot eon- 
tairts a quantity of an inert oil and some saponine bodies which aid in 
the suspension of the more important j>rinciples in alcohol and wati'r. 

Ergot has rarely given rise to sca*ious Acute Poisoning in man, lint 
in some cases in which it was taken to procure abortion the svniptoms 
consisted in collapse, with a weak, rapid pulse, tingling, itciiing, and 
(Mildness of the skin, umpienchable thirst, vomiting and diarrixea, con- 
fusion or unconsciousness, h(Mnorrliag(‘ from the uterus, abortion, and 
often icterus. Ecchymoses were found in tlu* subculaiKMUis tissmvsand 
in many internal organs. Occasionally, aiha* a single* small dose, 
gangrene has superveiUHl in small ar<»as such as the to(*-nails. 

(liven in therapeutic dos(*s ergot has gcMierally no elfed (*x(M*pl in 
prc‘guant women, in uhom it ofl(Mi indu(»cs (‘oniraction of (h(‘ u<(*rus 
ami evacuation of its contents. In some cases of fatal pi »i soiling no 
abortion (xjcurred. 

Chronic Poisoning was formerly not umMimmon, and in fact freinicmtly 
gave rise to widespread epidemiers, from tin* use of bre^ad (amtaiiiing ergot 
after jioor harvests and esjMuaally in W(*t si^asons. Of late yiuirs these* 
epidemics havtj become rare except in Russia, but some* of the “ jilagues ** 
of rnediteval Europe may liave been due to (*rgot poisoning. 

The symptoms of ergotism are sharjdy divided into two groups, 
thos<:5 of gangrene and those of nervous disorders. In some (Epidemics 
both the gangrenous and the convulsive forms arc jireseiit, lint, as a 
general rule, one is mueh more prevalent than the other, at oiu* lime 
gangrene being almost invariably present, while in anolln r epidemic, 
the convulsive type is the more coiiiiiiou. Tin* gangnMu; is gen(*rally 
developed in the limbs, especially in the lingers and Iocs ; sonulimes 
the whole arm (3r leg becomes cold and aniestli(‘tic, dark in color, and 
then dry, hard and shrunken, and falls olf with little or no pain and 
no lucMiorrhage. Hyiiqitoms of such scvciity arc rare, howc^ViT, and 
in milder cases only the skin nec^rosifs. (jangreiie of internal organs 
also occurs, resulting in cataract in the lens of the. eye, or uleers in the 
bowel and stomach, and soim'times afleeling a whole organ such us a 
lung or the uterus. Ahorlion is seldom im‘iition(Ml in the ae<?o!JiitH of 
chronic ergot jioisoniiig, and jiregnam^* seians in many crises to have 
run its ordinary course. 

In spasmodic evgotism the first symptoms are depresKion, wi*ak- 
ness and drowsiness, often with h(*adaclie and giddin(*Ks, painlul cramps 
in the limbs, and itching and formiaition of tliciskin. In st^vere eas(*M 
paroxysmal convulsions set in, genendly clonie, and oft4‘n e|iil(fptilorm, 
hut leaving as seqiu*hc eontractur(*s in the limbs, or le»s often in the 
trunk muscle^. Some intellwtiial weakmss often follows reirovery 
from ergot poismiing, this not infrequently amounting to complete 
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dementia, but the disease was immediately fatal in a large proportion 
of cases in earlier times. 

Injected into frogs ergot generally induces depression and paralysis 
of the central nervous system, sometimes apparently with some con- 
vulsive movements. In mammals, restlessness, salivation, sometimes 
vomiting and purging have been observed. Depression and weakness 
accompanied by clonic convulsions follow on Jailer doses, wdiich prove 
fatal by paralyzing the respiratory centre. Gangrene has been observed 
in the ears of the rabbit, but is not so common as in the pig, in which 
the ears, the extremities, and patches of the skin of the trunk have 
been found to become dry and hard, and finally to fall oflP. Extravasa- 
tions of blood into the stomach and bowel and other orgjins have fre- 
quently followed the exhibition of ergot in mammals. In j)regnant 
animals abortion is often induced, but not invariably, even when very 
large doses are given. 

In fowls a clmractcristic tmin of symj)toms is induced, and these 
animals have frequcjitly been uswl as tests for the activity of ergot 
pre|>amtions. Th(i (Jock becomes droAvsy and dyspnmic, and the comb 
and wattles lKX?onic dusky purple in color. Vomiting or purging may 
follow and a curious ataxia is observed, the animal swaying to and fro 
and evidently maintaining its balance with difficulty. After large or 
repeated dosoi^ the comb becomes dry mid hard and falls off, and a 
similar gangreiui may attick the legs, tongue, or wing. The animal 
refuses food and Ixjcomes weak and somnolent, but may recover if the 
treatment be stopped. 

Action. — The action of ei^ot in the living organism has only rcHjeutly 
been elucidated by the admirable exj)erimentjil work of Dale, and seems, 
for the most part, perhaps entirely, due to the ergotoxinc. The action 
may be shortly <^efined as a primary stimulation followed by jianilysis 
(if large doses arc given) of the motor terminations of tlic sympathetic 
nerves wliich ai'isc^ from the thoracic and lumbar spinal cord. The 
jioint at which ergot acts is thus analogous to that affected by adre- 
naline, but the range of ergot is more limited, for adrenaline affects 
not only the motor or positive nerve ends, but also the inhibitory or 
negative. In addition the effects of ergot are not so transitory as those 
of adrenaline, while on the other hand the latter does not exercise any 
subsequent panilyzing action of consequence. 

The oireulation shows the effkits which are to be expected from 
stimulation of the vasomotor terminations in the splanchnic area, 
namely, iin abriq^t rise of blocKl-pressure, wdicn ergotoxine is injected 
intravenously. The resiilt is not so constant when crude ergot prepar- 
ations are thus administered, as sa]>onine bodies and other cardiac depres- 
sants mask the ergotoxine effexjt on the vessels. This rise in pressure 
ocemrs after section of the splanchnic nerves and is, therefore, of periph- 
eml origin. It is accompanied by constriction of the vessels of the 
abdominal cavity and the limbs, as may be showm by oncometer and 
plethysmographic records. The he^irt is often accelerated at first and 
then slowedj, jiartly from the vagus centre being stimulated by the high 
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blood-pressure and partly by a direet action on the heart muscle. 
Sometimes the slowing ot the heart may lie so marked as to conceal 
the effects of the vasoconstriction on the bloiHl-pivssure toeing. 

The rise in pressure is to be ascribtHl to stimulation of the wmstrictor 
nerve terniinations in the vessel walls and is strictly analogous to that 
observed under adrenaline. The extent to which it is develo|>ed varu»s 
in different animals, being well inarktxl in the cat, dog, and tbwl and 
only observed with difficulty in the rabbit and monkty. 
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tliiR the cfftfctH of oreot on the hi , ^ — 

ergot induccK a rise of lilootl-jire.ssiinr (it. iM with eoiiKtrlrtion of the vt'KKeiK of the h'g. In /fa 
large dose of ergot hud been lujeeUnl firevinusly, and Rtlrenaiimi fnjt^etfd ui the ^•ol^ll indicated 
now eau.scH a fall of bluod-probsure with dilauuitm of the iiiti'biliiul vensels. 


After a large dose the sjiine rise in pressurt* is observed, bid if 
adrenaline or nicotine be injected before the pressure n^turns tii tin* nor- 
mal height, instead of niising the pressure, it produces a rnarkf^l fall. 
The same is true if the splaiicimie nerve be stinmlated while the blood- 
pressure is raised by ergot, while in firdinary cinjuinstanciw this ntist^ 
the blood-pressure by constricting the abdominal vt^ssels. Or, if after a 
large dose of ergot the pressure be allowetl to return to th(j normal and 
now adrenaline be injected or the splanchiiics be stimulated, ih> ctrect 
at all may be obst^rved. The explanation f>f this remarkable change is 
that ergot has now paralyzed the nn>tor or const riertor terminations in 
the vessels, and that motor impulses, either from the splanchnic fibres or 
from the ganglia (nicotine) f!an no longer rwieli tlie rniisfrlc, nor can 
adrenaline act on the paralyzed teriuiimtions. But while the constrictor 
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terminations are thus put out of activity the inhibitory or vasodilator 
terminations are unaffected, and thus anything which stimulates these 
{e. g.y adrenaline) may cause a fall of pressure. The effects of adrena- 
line on the vasodilator terminations are ordinarily masked by its action 
on the more powerful constrictors. 

Tlie terminations of tlie inhibitory nerves of the heart are not para- 
lyzed or weakened in any way by ergot, but large doses appear to 
weaken and depress the accelerator terminations which are deriv^ from 
tlie thoracic sympathetic. 

The stomach and iidestine receive motor impulses from the pneumo- 
gastric, and these are not affected by ergot. The splanchnic supplies 
inhibitory fibres and tlu^se are also immune, so that the gastric and intes- 
tinal movements are scarcely afleck'd save by a slight augmentation 
occasionally. And adrenalin induces inhibition of the peristalsis, as 
usual, but the Sjilanchiiic motor terminations in the intestinal sphinc- 
ters are paralyzed by large doses of ergot. 

The pupil undergoes a powerful constriction when ergot is in jected 
intravenously, sometimes after a momentary dilatation. This con- 
striction is not affected by atropine and is believed to be due to a direct 
ae.tion on the muscle fibre. After large doses of ergot adrenaline fails 
to dilate the ])Uj)il, owing to depression of the dilator nerve fibres which 
originate in the thoracic region and pass uj)wards in the cervical sym- 
pathetic? trunk. Its action on the hUulder and urethra is of interest, as 
liere the motor nerve-supply is partly derived from the lumbar, and 
|)artly from the sacral nerves. It is found (Dale) that while the motor 
terminations from the lumbar roots are jxiralyzed by ergot in large 
doses, those from the sacml are unaffec;ted. 

The secretory nerves arc discriminated between in the same way as 
the nuiscular. Tlius it is found that in the cat large doses of ergot 
pr(»vcnt the secretion of the submaxillary gland, which normally accorn- 
pajiies stimulation of the sympathetic fibres, or follows the injection of 
adrenaline, while stimulation of the chorda tympani, acranial nerve, has 
its usual effect. 

The most important effect of ergot, however, is exerted on the nicrus^ 
in which it stimulates primarily the motor terminations of the hypo- 
gastric nerves. The effect is, therefore, always contraction, the extent 
of movement varying with the dose of ergot. The contraction lasts for 
a short time and is followed by a slow relaxation, but this is inter- 
rupt'd by numerous new contractions, a lasting effect on the irritability 
being induced. Adrenaline also causes contraction of the uterus in some 
animals, while in others it inhibits movement and relaxes the organ ; 
adrenaline here again stimulates both motor and inhibitory terminations, 
and the result, contraction or relaxation, depends on the nature of the 
pi-edoininating nerves. Ergot acting only on the motor endings can 
induce contraction only. When a large amount of ergot has been 
injected, the motor terminations become depressed or paralyzed, and 
now adrenaline cjiuses relaxation in all animals, whatever its effects 
before the injection of ergot. 
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The uterus thus reacts to ergot in a way precisely analogous to the 
arterioles, and it is noteworthy that frtuii the uterus alone any very 
obvious symptoms are elicited by them]K?utic doses. For the alimen- 
tary tract is not thrown into contr:icti<^»ii, and the rise of blood-pressuiv 
is not easily observable in the circumstances in whicJi ergot is usually 
exhibited. The contraction of the uterus in pivgnant animals e4Uiscs 
the descent of the foetus toward the os, and in suitable dosc^s ergot 
induces abortion. 



The ctmtral nervous system is acU*d on by (*rgot in both man and 
the lower animals, but this lias not as yet hwn eln(adat<^<l liy 
meiit and the point of action is still unknown. T la* d<*pressic>n scfcii 
especially in the fowl s(*ems to point toct^rebral tiction wliilc tlie marked 
ataxia may indicate an affection of the c('n'l)f»llnm. The cloni(t (vm- 
vulsions seen in mammals suggest changes in iIm? regions of the pons 
and nKHlulla. The curious |K?rnianent eHeets ohservwl in sfiasnuKiic 
ergotism have not been explained, and no analogous Hyrnptoins have 
been observed from any other form of chronic alkaloidal jK>ison- 
ing. 
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The gangrenous ergotism is due to the* contraction of the vessels, 
shutting off the blood-supj)ly and thus leading to the death of the part. 
It is seen more especially in the distal parts and is more liable to occur 
in some animals than in others. Dale states that in the fowl, which seems 
peculiarly liable to gangrene, the contractor action on the bloodvessels 
is not nearly so liable to pass into the stage of paralysis of the nerve- 
ends as in other animals. The histological appearance of the comb in 
these animals is that characteristic of dry gangrene, the smaller vessels 
being filled with a hyaline substance with a narrow streak of red cor- 
puscles here and there. 

The vomiting and diarrhoea which are sometimes observed after ergot 
have not been explained. They may perhaps be due to the alkaloids, 
but it seems more likely that they may arise from some of the other 
constituents such as choline or saponine bodies. 

Preparations. 

TJ. »S. P. — Ergota, ergot of rye, tlie sderotium of Claviceps purpurea re- 
pliKHiig the grain of rye. When more tliaii one year old it is unfit for use. 

Kvh'fwtum Er(/ofmy 0.2-1 (1. (3-15 grs.). 

FjaiinisxTRAOTUM Eii( 30TA5, 4-8 C.C. (1-2 fl. drs.). 

Vimim ErgotfCy 10-20 c.c. (5-10 fl. drs.). 

B. P, — ^Ergota, the sderotium of Claviceps purpurea, originating in the 
ovary of Hecale cerealc. 20-60 grs. 

Extrachm Et^goiw (Elrgotin), 2-8 grs, 

Extractum ERGorAC Liquidum, 10-30 mins. 

Tinchmi Ergoim Ammmiata, J-1 fl. dr. 

Infuaum Ergoim^ 1-2 fl. oz. 

Injectio ERGOTiE Hypodermica, 3-10 mins, (subcutaneously). ‘ The in- 
jection ought to be recently prepared. It is about 33 per cent. 

The fluid or liquid extracts and the hypodermic injection are the best of 
the preparations. The vinum is very often quite inert, and the extract being 
prepared from the fluid extract by heat is liable to contain less of the un- 
stable active constituent than the latter. A very large number of prepa- 
rations, such as ergotin, ergotinic acid, sclerotinic acid, cornutine, etc. , are 
simjdy more or less purified extracts and have no advantage over the phar- 
macopmial preparations ; in fact the chemical manipulations through which 
they are obtained are often such as are likely to remove, or render inert, the 
active bodies of the crude drug. 

The dose of the ])rcparations of ergot is exceedingly varied, probably because 
the active alkaloid ergotoxine tends to pass into the inactive ergotinine on keep- 
ing. At present the preparations can. only be standardized by comparing their 
activity on the uterus or blood-{)ressure of animals with that of a standard prep- 
aration or with that of pure ergotoxine. 

Therapeutic Uses. — Ergot is used very largely in obstetrics to pro- 
mote the contraction of the uterus, but considerable divergence is met 
with in the views of different authorities as to the special indications 
for its exhibition. Thus, those who believe that ergot increases the 
irritability of the uterus and produces rhythmical contraction without 
tetanus, advise that it be given whenever the pains seem insufficient, 
and more especially when this occurs in the later stages of labor. 
Others are possessed with perhaps an exaggerated apprehension of the 
prolonged uterine contractions, which they consider delay labor and 
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tend to ^use asphyxia in the child, ami tlicrcfore advise that ergfot bo 
us^ only to preserve the uterus in a contnictcHl condition after the 
child and placenta have been expelled. In every case the attendant 
should of course satisfy himself befoi’c ^jiving ergot of the al>sonce of 
all actual impediments to the passjigc of the child, such as contracted 
pelvis, abnormal presentation, or great rigidity of the soft parts, and 
when it is administered before the head emerges, the dose ought to be 
small, as otherwise the tonic contraction may lK^ induced. When the 
head is about to emerge, on the other hand, a large dose niay l)e given 
to promote the permanent contraction of the uterus and thus to pre- 
vent post-partum hiEiuorrhage. When the latter has once si^t in, er- 
got is of less immediate service, as it is slowly absorbed, and no ef- 
fects follow for some twenty minutes or more. Whenever there is any 
reason to fear that weakness of the uterine eontnietion and hseinor- 
rliage may set in after the expulsion of the child, ergot ought to lu? 
given when the head emerges, and many gynecologists recommend this 
as a routine treatment. 

Ergot hinders post-partum ha;morrhag(\, chiefly l»y jiromoiing ilie 
contraction of the Mtenis. In otlit?r forms of hiemorrhagc — from the 
stomach, intestines, kidneys, lung or uterus — in which the blmling 
point cannot be reacheil, it is often advo(;ated in the beli(d’ that it <!on- 
tracts the walls of the vessels and thus aiT(‘sts the flrnv of blcK)d. 
These liiemorrhages so often cease spontaneously that it is difliindt to 
estimate the value of any remedy, but it may be (jiujstioiUHl whether 
ergot merits its reputation in these eases. Its action in h<,‘althy ani- 
mals certainly indicates that the contraction ol* the vessels is coiifliuHl 
to certdii organs, and there is no reason to suppose that a more? intense 
action is exerted on a riiptun*d vessel than on tia* iiirinjnnMl om*s of 
other orgiins ; but unl<*ss this is the ease the use of (*rgot may Iw 
rather harmful than remedial, for any iuereas(» in the general blood- 
pressure, sucli as Avonld follow the <jontraelion of llie vessels tlinnigli- 
out the body, must increase* tlic escape of blood from tla*. injured ves- 
sel. In these eases, as in labor, the flnidextniet is often given by the 
mouth, but this extract or the s[K‘eial pn.'pa ration of (he II I^ is 
sometimes injected with the hyjMKlia'mic neinile. It is irritant, ami 
ought, therefore, to be injected d<tep]y info th(* iiiusek*, rather than into 
the subcutaneous tissues. 

The effect of ergot in inducing contraction of the uterus has been 
used in the treatment of subinvolution and f>f myomata of that organ ; 
the involution of the uterus certainly seems t^) be favored by it, 
but the results in tumor are more open to (piestion. In any case* the 
prolonged treatment of this, or of any other rv)ndition with ergot 
is to be deprecated, for if tlie drug is active at all, it may induce gan- 
grene or spasmodic ergotism. The same eriticasm might Im; appliiHl 
to the ergot treatment of a nimibcr of other diseases, such as arieurisin, 
diabetes, or pneumonia ; aii<l in addition, it (k)C8 not swm !/) have any 
greater effect in these than many other less dangcjrous reniHlies, which 
have been cgually vaunted as specifics, and have iKicii found ecpially 
valueless. 
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Vstilago MaydLis (U. S. P. ), or corn smut, a fungus growing on maize, is 
entirely Jifrcrent from ergot, and, according to Kobert, is quite inert. It has 
been used as a substitute for ergot, on the supjmsition that it would resemble it 
in action as well as in origin, but has proved quite ineffective. 

Cotton-root Bark (CTOssy[)ii Cortex (U. S. P.)) has been used by the Southern 
negroes to produce abortion, and is said by some gynecologists to resemble ergot 
ill action on the uterus. It has little or no effect on animals, except in enor- 
mous dr»ses, and is generally stated by those who have tested it to be entirely 
devoid of action in man. 



PART III. 


COMBINATIONS OF THE ALlvALIES, ATJCALINE 
EARTHS, ACIDS AND ALLIED BODIES. 

SALT-ACTION. 

The action of most of the substances discussiH] in tlie fore^oinjv pages 
may be best explained by supposing that they cause sonuj change in 
the living matter of one or more org-ans through a sptKMfic chemical 
aflinity for it Thus strychnine may be supposed t<» act on the spinal 
cord by forming a chemical compound with tlie prot 4 >plasm of the 
nerve colls, while prussic acid changes protoplasm g(^n(*rally, through 
a similar affinity for it. 

Some bodies, on the other hand, seem to have little spccif.c affinity 
for living matter, but afiect it largely as they do d<*ad colloifl sub- 
stances, tiirough changing the physical properties of tln' iliiids c’ontaincd 
in it or surrounding it. This action is seen best in thci^Hccts of some 
of the salts of the alkalies, and is therefore known as “ salt-action,” 
although it is not confined to these, but is shared l>y any soluble, 
diffusible body which can circnilate in the tissues in sufficient (|uantity. 
The salts of strychnine or of prussic acid anj undoub(e<]iy (*apablci of 
inducing physical changes similar to those observ4*d aft(*r ehloriile of 
sodium, but they j)Iay no part in the symptoms induec^d by these 
poisons, because animals die from tln» .specilic action long Ix lorc the 
quantity neccssiirv t() induce the ‘‘salt-action’* can be .absorbed. In 
the case of less jioisonous organic substances, such as sugar and urea, 
howev^er, many of the features of salt-ac^lion may be obs<*rv«?d. 

Much light has licen thrown on the nature f>f salt-a(?tion by the re- 
cent advances in ])hysical chemistry, which have shown that many of 
the changes in the animal body are analogous to those* obwirved in the 
chemi(^al laboratory. When an jupieoiis solution of sugar or salt j.s 
carefully j>ourcd on distilled water, so that two layers inv, formed, a 
process of Diffusion commences, the dissolved rrmleeiiles pa^isirig through- 
out the fluid until the whole becomes homogeneous, (acdi cubic <f(*nti- 
metre containing an equal numter of moleenl(‘s (»f sugar or salt. If 
instead of distilled water, a solution of another salt lx; u.«<»d, the same 
process results, the two bodies diffusing throughout Ixith fluids until 
these become hoinogeneoiis ; and if tbe fluids lx? siqiarated by a mf*m- 
brane which offers no obstacle to the ]>enetratioii of the water and 
salts, a similar interchange occurs. When a membrane is used which 
does not allow the salt to pass tiirough it, a different result is obwrvcd ; 
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if it separates salt solution from pure water^ the latter passes through 
until it is exhausted, or until some factor such as hydrostatic pressure 
puts a limit to further movement. This is readily intelligible, for the 
pure water can pass without hindrance towards the salt, but having 
rendered the solution more dilute, it cannot diffuse in the opposite 
direction, because this would be equivalent to forming a more concen- 
trated solution of the salt, and this requires the expenditure of energy, 
such as heat, while in the case in point there is no energy available for 
this purpose. A similar result is obtained if the membrane separate 
solutions of a non-permeating and of a permeating salt, the latter 
passing through with the fluid in which it is dissolved until some ex- 
traneous factor counterbalances the diffusion. 

The r(3sistance offered by a non-permeating salt to the passage through 
the membrane of the fluid in which it is dissolved is known as the Osmotic 
Pressure of the solution and varies with the number of molecules and 
ions (see page 484). When both the salts in solution on the opposite 
sides of the merab'rane are unable to penetrate through it, the move- 
ment of the fluid is determined by the relative osmotic pressure on the 
two sides, water tending to pass from the solution with the lower 
osmotic pressure (the hypotoniG solution) to that with the higher (hyper^ 
tonic) until an equilibrium is established by the osmotic pressure be- 
coming equal on the two sides, when the solutions are said to be isotonic. 
As a general rule, however, membranes are partially permeable to both 
salts, and the movement of the fluid is determined by the relative 
osmotic pressure of the fluids divided by the rate at which the salts 
pass through the membrane. If sufficient time is allowed to elapse, 
the two solutions will become identical in composition, but during a 
short period, the details of the process are difficult to follow, and the 
complexity is infinitely greater when instead of a single salt on each 
side of the membrane there are several salts each differing in its per- 
meability and concentration. The direction of the flow is then deter- 
mined by the sum of the osmotic pressure on each side divided by the 
penetrating power of each individual substance. 

In the animal body such membranes as are used in physical experi- 
ments are not met with, but the cells consist of colloid substances con- 
taining fluid and diffusible bodies, and are surrounded by liquids which 
are practically salt solutions isotonic with the contents of the cells ; 
any change in the contents of the cell or in the lymph surrounding it 
must of necessity give rise to a certain movement of the fluids in the 
same way as if each cell were surrounded by a membrane. All the 
cells of the body are permeable by water, and a dilution of the fluids 
surrounding them is therefore followed by an increase in their fluid 
contents and swelling. On the other hand, some salts seem to diffuse 
into cells practically without resistance, while others fail altogether to 
do so, or penetrate only very slowly. The subject has been investi- 
gated with most care in the red blood cells, which are found to be pene- 
trated by ammonium cliloride and some other salts, while they are 
impermeable by sodium chloride and the other salts of the fixed 
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alkalies. Acoordingly, when the red blood cells are surrounded by a 
solution of ammouiuni chloride, whatever its concentration, their fluid 
contents are increased ; they swell up and eventually lose their lueiuo* 
globin, exactly ^ if they had been placed in pure water. When 
they are placed in an isotonic solution of chloride of sodium/ they 
remain unchanged in size, while in a hypertonic solution their fluid dif- 
fuses out, and they shrink ; a hyjKitonic solution acts like pure water, 
the osmotic pressure of the salts in the corpuscles overeoiniiig the 
smaller osmotic pressure of the surrounding fluid. The behavior of 
a cell towards salts therefore varies with each individual salt. Solu- 
tions of those by which it is perfecjtly permeable have tlie s*imc ef- 
fects as pure water ; but the less diffusible the sjilt, the more temlency 
it has to prevent the entrance of the water in which it is dissolved, and 
if in sufficient concentration, to withdraw fluid from the cell, A per- 
fectly diffiisible substance can never prevent the entrance of fluid, 
however concentrated be its solution. 

All the cells of the body do not resemble each other in their jx^r- 
raeability, nor in the salts which diffuse into them. For (example, the 
intestinal epithelium takes up some of the salts of the alkalies, while 
the red blood cells do not. 

An even more obscure relation between the salts and (‘olloids has 
been discovered by Ilofmeister, who found that gt^lntin plates thrown 
into weak salt solutions absorb more flui^l than wlum tiny arc put in 
distilled water, and who inferred from this that colloi<l substances 
have a special affinity for salts (piitc apart from their pernnnilnlity by 
water, and that they arc not merely passively perineaUHl by salt solu- 
tions, but have an active attraction for some of the salts (M)utain(;d in 
them. This affinity, which may deptMul oti the; same; factor us the 
permeability of the cell, varies for different salts. 

The role played by tlie physiwil fbn;es in the wilt-iwdion is thus determined 
not only hy the i)hysical properties of the fluids, hat also hy the. “aflinity 
of the cell contents for certain of the coustitiients of these, fluids. In w)n- 
clusion it may he stated that these physical fVirces are not siiMieient to explain 
the whole processes of absorption and excretion, as has sonietinreK been stat'd; 
the physical forces merely influence the processes of nutrition, wliif-li ilepeml 
on forces hitherto unexplained and possibly exercisi*d only by (he livinj^ proto- 
plasm. 

The penetrating power of salts seems U) be conne.ctod with the proiyrly 
which many of the n possess of prendpituting certain crolloid snhstances fnmi 
their solutions in water, for those, salts which ptu’ineutc gelatin are 

found to precipitate col loi<ls less than others. Thus the sul plmt(*s <>f the alka- 
lies, which permeate gclati?i i)lates with diffienlty, throw globuliiiH out of 
solution much more readily than the chloridc»>. Here again, however, 
different colloids vary in their aflinities, some reacting to one sulphate and 
not to another. This reaction is not confined to tlie jiroteids but extends to 
many carbohydrate colloid suljstances. 

In the dilute solutions found in the tissues, the salts do not exist as 

* An isotonic solution is here uswl to indusite a sfdulion in which the osmotic iirehsa re 
is equal to that of the blood serum, and (presumably) m that of the c<jnlenls of the red 
blood celi& 
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such, but are largely dissociated into two or more Ions charged with 
positive and negative electricity. Thus if a small quantity of potassic 
chloride be dissolved in water, it is dissociated into a positive K ion 
(Kation) and a negative Cl ion (Anion).^ Similarly sodium sulphate 
dissolved in water exists as two Na ions and a negative SO^ ion. One 
effect of this is that the osmotic pressure of such a dilute solution 
diverges considerably from what might be expected if it were calcu- 
lated from the number of molecules present, because each of the ions 
exerts the same osmotic pressure as a whole molecule. But a more im- 
portant fact is that the ions of a salt, and not the whole molecule, form 
chemical combinations, and thus exert their pharmacological action. 
Thus what is known as the action of many poisons is really the action 
not of the molecule as a whole, but of one of the ions. For example, 
cyanide of potassium is said to possess a very poisonous action, but 
this is due not to the molecule KCN as such, but to the CN ion, 
which forms from it in solution. When ferrocyanide of potassium is 
dissolved, on the other hand, no CN ion is formed, the salt dissociat- 
ing into the K and Fe (CN)^j ions, and ferrocyanide of potash is there- 
fore entirely devoid of the cyanide action. In the same way the 
corrosive effects of potassium or sodium hydrate are not due to the 
potassium or sodium, but to the hydroxyl ions (HO), for the same K 
or Na ions are obtained when KCl or NaCl is dissolved, but neither 
of these is corrosive. Thus when a dissociable body is administered, 
not one, but two, separate agents are put in action in the tissues, and 
in describing the effects of one of these dissociable bodies, the effects 
of each ion have to be taken into consideration. In the organic 
materia mcdica, many such substances occur, but in the great majority 
of them the action of one ion is so much more powerful than that of 
the other that the less important one may be neglected. Thus, mor- 
phine sulphate in the body exists as a morphine and a sulphate ion, 
but the action of morphine is so much the more powerful that the sul- 
phate ion may be left out of account. This is shown by the fact that 
morphine hydrochlorate, which is dissociated into morphine and chlo- 
ride ions, has practically the same action as morphine sulphate. In 
the same way the positive ion (Na, K, etc.) of the cyanides may be 
neglected, because the negative CN ion is so poisonous that the posi- 
tive ion. can never be present in the tissues in sufficient quantity to 
elicit any action. 

When, however, less poisonous substances are involved, the case is 
quite different. • Thus, although the hydrobroraate and the sulphate 
of morphine may be described as possessing the same action, because 
the morphine ion alone is taken into account, the sulphate and brom* 
ide of potassium induce quite different symptoms,^ because here larger 

* These ions are not to be confused with atoms of potassium and chlorine for they 
possess none of the chemical properties of these elements ; the physical dilTerencc con- 
sists in each ion being charged witli a burden of electricity, positive or negative. 

‘ Even at the i)resent day it is sometimes a matter of discussion whether the bases oi 
the acids are the detennining factors in the action of the salts of the alkalies. The 
qaestion dependti entirely upon which salts are compared. If chloride of sodium and 
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quantiti^ can be administered, and the SO^ and Rr ions are present 
in sufficient quantities to elicit their speciKc motion, which is quite as 
important as that of the K ion. 

In this connection it is to be noted that many bodies are not disso- 
ciated. For example, potash, KHO, and alcohol, CUIJH), bt)th con- 
tain HO, but in the former the hydroxyl is dissoeiatCKl in water, 
while the latter remains undissoeiated. Thus, when KHO comes in 
contact with a mucous membrane, the molecule does not act as such, 
but the effects are due tx> the HO ion, and fo a less (extent, (o llu‘ K 
ion. On the other huiul, alcohol acts as a molecule, aiul the c^iustio 
effects of the HO ion are not observtMl uii<h?r it, A similar contrast is 
offered by the effects of the dissociable Klir and bromated camphor, 
which is not dissociable but acts as an entire molecule. It is theix'fore 
vain to expect the bromide action from this cHunpound, for the bnunHies 
act from the presence of the bromide ion, whic^h is not fornunl from 
monobromated camphor. 

Tliis renders the classification of the inorj^inic salts a in:itt4*r of 
some difficulty, for it is necessary to consider the action of catsh ion 
alone, and then to find how far its effects are modified by the prcsiaice 
of the other ion with which it is associatinl in the moh-nih*. It is 
obviously illogical to consider under a ^‘potassium series” all (he 
salts of potash, for in many of these th<‘ K ion is of no importance, 
while in others it is the chief factor. 

The effects of an ion cannot Iw <leterniin(Hl extu^pl hy administering 
it along with another in the form of a salt, hut c^^rtjiiu ions are so iuae- 
tive in the tissues that if any cileet is noted after a (HMiipound of 
which they form part, the action can be ascrilxul with (UTfainty to the 
other ion, unless the change arises from alteration of tin* jdiysieal prop- 
erties of the fluids. For example, the sodium ion (Na) ant] the (chloride 
ion (Cl) are i)Oth pra<itically inert, except in st> far as tiny change the 
osmt)tic pressure. Tims, if a sodium salt or a eJiloride be fountl to 
cause some change which is not <lue to the pliysital allf*ralion, the ac- 
tion is attributed to the other Jf)n of the molecaile. Ihdbre ent(‘riiig 
on the study of the action on the ions, however, it is obviously ne<^<^s- 
sary to learn the sympbans caus(‘d by alteration r»f the physicral prop- 
erties of the fluids, and this euii best be <lomj by examining tin* efli‘<*,iH 
of bodies which act only in this way, namely, eJiloridci <jf soilium and 
water. 
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I. SODIUM CHLORIDE AND WATER. 

The most typical example of salt-action is presented by chloride of 
sodium, for this salt is always present in large quantities in the body, 
and has practically no specific action ; the sodium and chloride ions 
are ordinary and necessary constituents of the fluids of the body. The 
action of this salt is therefore limited to the alteration in the physical 
properties of the fluids, which its presence in excess or in limited 
amount induces. In the same way the action of water is due only to 
its diluting *tlic body fluids and lessening their osmotic pressure, and 
it may therefore be described along with that of salt. 

Most of the tissues hitherto examined in regard to this point have 
proved permeable by both the Na and the Cl ions, but in every case 
there is a certain amount of resistance offered so that the presence of 
salt in the fluid round a cell always prevents its free diffusion into the 
interior ; i. e., sodium chloride solution exerts osmotic ])ressure on the 
cell. The molecular weight of common salt being small, the osmotio 
changes induced by it are greater than those induced by an equal 
weight of most other salts, because a larger number of molecules ex- 
ist in each gramme. It also dissociates into its two ions more readily 
than many others, and this lends it still greater osmotic power. 

A common example of the osmotic action of salt is seen in its use 
to preserve meats from putrefaction, which it accomplishes by with- 
drawing tlie fluids of the meat, and thus rendering it dry and hard 
and unsuitable for the growth of microbes. 

In the same way the Bed Blood Corpuscles shrink in size when they 
are placed in a solution of salt which is stronger than the blood-plasma 
(hypertonic), because the water i.s withdrawn from them. In dilute 
(hypotonic) solution, on the other hand, or in water, they swell up be- 
cause they absorb water, while in solutions of the same osmotic pres- 
sure as the plasma (isotonic) they remain unaltered in size. When 
water is absorbed into the corpuscles some obscure change takes place 
in them, and the haemoglobin diffuses into the surrounding liquid. 

Muscle is affected in a similar way, strong salt solutions withdrawing 
fluid from it, while weaker ones are absorbed, and both tend to destroy 
its vitality in a longer or shorter time. In isotonic salt solution, on 
the other hand, muscle preserves its irritability for many hours. 
Strong salt solutions irritate exposed Nerves from the withdrawal of’ 
their fluid contents, and on the other hand, distilled water is equally 
fdtal to them, 
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These changes are undoubteilly due to the imperfect permeability of the 
cells by the sodium and chloride ions, and as ri^gards the red blood 
puscles, it is definitely known that salt penetniU^s them with the greatest 
difficulty, if at all, and the changes induced in them by solutions of difi'erent 
conoentratiou and by water arc due to the alteration of their fiuid contents 
only. If this were true for all cells, the isotonic solution would preserve 
them in a normal condition until they slowly perislied for want of oxygen 
and from exhaustion of their reserve of food. But this is found not to bo 
the case, for muscle suspendeil in isotonic solution otHyeii develops a mort? or 
less rhythmical series of contractions, while the frog’s heart ceases to Unit 
after a time when it is perfused with isotonic siilt solution, although it 1ms 
not exhausted its energy entirely. Similarly some ova and fish living in sea 
water die if they are put in a solution of sodium chloride isotonic with sea 
water while they live much longer in distilled water. It is obvious that in 
these instances no change in the distribution of the fluids can occur, for the 
osmotic pressure of the fliii<l is unchanged. In other words the death of 
these animals in pure salt solution is due not to the physical action of the 
salt (salt action), but to the Hodium ion exorcising a deleterioiis eflect on 
them. This deleterious action may bo iieiitrali/ecl l>y the addili<»!i «»f traces 
of salts of calcium or of some other bivalent elements, while the monovalent 
kations have less anlagonistie elfeels (l^ot^h). In the iialiinil environment of 
living cells both sodium ami calcium are present, so that tlic h»xic ctlcct of 
sodium (see Oalcium) can scarcely he observe*! except whi*n small masses 
of tissue are thoroughly \vash<*<l with salt solution ; as far as the higher aivitnals 
are concerned, then, salt may be reganled as imlitferent in itself and as acting 
only throtigh changing the distribution of tlu' lluids. And us isotonic Holutions 
have no osmotic action, they are entirely inert. 

Water or very dilate salt solutions penetrate into the siiiK^rfudal ccdls 
of the Skin, which th(U’efore beeoine swollen tmd Hoft(Mu*d. ( Vnieen- 
trated solutions ou the other liand nither t4Mid to draw fltiid fn)in the 
surface cells, and this along with the passage of salt inb) them, causes 
some mild irritation. Neither salt nor water is absorbed into the cir- 
culation through the skin in mammals. A iiiucli grc*ater absorption 
into the superficial tissues occurs on less probnited parts, suedi as the 
cornea, which becomes whiUi and cloude<l when strong salt solutions 
are applied to it. Similarly, cither pun* water or strong salt solution 
causes cousidenible pain and smarting in tin* nasal |)assages, or in 
wounds, from the disturbance of the normal relation of salt and fluid 
in the surfaexs cells, Lsotonic solutions on the other hand cause* no 
pain. 

In the Mouth salt has a charaetorisiic taste, and strong solutions ac5t 
as astringents here and in tlie throat. In the Stomach its action is 
very much like that ou other raucous mombramjs, hy|)otonic solutions 
causing swelling, while hypertonic? solutions cause a withdrawal of fluid 
and a shrinking of the cells. Thi.s withdrawal of fluid and imbibition 
of salt may set up such irritation as to induce, vomiting. 

The digestion in the stomach does not always seem to be improved 
by salt in the food, for even small c|nantitie.s Iiave been found to hfHsen 
the acidity of the gastric juice, and the amount of albuminous fowl ab- 
sorbed from the alimentary canal in animals is but little alterfMl when 
salt is added to the food. It is very possible, however, that a small 
ejuantity of salt in the food renders it more jialatable in many instancjesi^ 
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and thus increases the reflex flow of the gastric juice. (Compare Bitters, 
page 66.) Dapper finds that the hydrochloric acid of the stomach is 
increased in some persons, and diminished in others by mineral waters 
containing common salt as their chief ingredient. This is only to be 
explained by supposing that these waters have no effect on the secre- 
tion directly, but alter it by changing the nutrition of the gastric 
mucous membrane. 

Salt solutions are Absorbed both in the stomach and bowel, but con- 
siderable difference of opinion exists as to the means by which this is 
accomplished. An attempt has been made to explain absorption by 
the action of the known physical processes, such as diffusion, osmosis 
and filtration, but tJiese seem quite inadequate without the assumption 
that there is a constant tendency for fluids and for some salts to pass 
inwards from the lumen of the bowel and stomach. This tendency 
may be opposed or strengthened by the osmotic pressure. Thus hypo- 
tonic solutions and water are absorbed rapidly, because here not only 
is the natural flow' inwards, but the osmotic current is in the same 
direction, the fluid being of lower osmotic pressure than the blood 
serum ; but even pure water appears not to be absorbed from the 
stomach until it has acquired a certain content of salts which diffiise 
into it from the blood. In solutions of equal osmotic pressure with 
the blood scrum the absorption is slow’cr, because here the natural flow 
alone is active, while hypertonic solutions arc still more slowly absorbed 
or may even be increased at first, because the osmotic pressure acts in 
the op})osite direction from the natural flow. Accordingly, while hypo- 
tonic and isotonic solutions disappear rapidly, the absorption of the 
stronger solutions may be preceded by a period in which the fluid of 
the bowel actually increases, water diffusing into it from the blood. 
At the same time the salt is being absorbed, and the solution eventually 
becomes isotonic, and is absorbed. The absorption from the bowel is 
very similar to that described by Hofmeister in gelatine plates, and it 
is possible that the unexplained tendency for fluids to pass inwards 
may be due to some affinity” between the salts and the colloids of 
the bowel wall. 

The Blood and Lymph are in turn affected by these processes. When 
hypotonic solutions pass into the blood from the bowel, the proportion 
of solids and liquid is of course changed, and fewer corpuscles and less 
solid matter are found in the cubic millimetre than normally (hydrse- 
mia). On the other hand, when strong salt solutions in the bowel 
cause the effusion of fluid, the blood becomes more concentrated than 
in onlinary conditions. After the reabsorption of the fluid, the normal 
balance of plasma and corpuscles must be restored, and to effect this 
currents are set up between the blood and the fluid of the surroundjjig 
lymph. These currents have been investigated by the injection of salt 
solutions directly into the blood, and not by their absorption from the 
bowel, but the processes probably resemble each other in their chief 
features. When the blood is rendered hypertonic by the injection 
of strong salt solution, the lymph at once begins to pour into the blood 
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vessels by osmotic attraction^ and this leads to hYdnemia and increased 
capillary pressure, the arterial tension remaining unchanged. This 
augmentation of the capillary pi'essinx* in turn induces a flow of lymph 
from the blood vessels into the lymph spaces. 

The flow of lymph from the blood vijssels is first, therefbn', dimin- 
ished in amount by the presence of salt in the intestine and l>l(K>d, anil 
then increased again by the high capillary pressure. This interchange 
between the blood and lymph is continued, because as the salt is ex- 
creted by the kidneys and other exeri^tory glands, a continual varia- 
tion in the osmotic pressure of both blood* and lymjih occurs. 

The detaiLs of the changes between the blood and lymph under the 
action of salt and water arc still obscure, but tliere is no ipiestion that 
the absorption of either of these leails to an augmentation i>f the normal 
exchange of these fluids. In particular, it is still undecided whether 
the cells of the vessels possess a secretory tiinction similar to that of 
the secretory glands, or whether the wliole process may be attribuUHl 
to variations of osmotic pressure and filtration. 

The changes in the blood and lymph are followed by an increased 
activity of the Excretory Organs. Thus the xmixe ' is much augnimited 
by the injection of salt solution into the blood, less so by the absorption 
of water or salt solution from the stomaeh and bowel, A gooil deal of 
discussion has been earriod on in ri^eent years as to the cause of the 
diuresis from salts and water, and .sonu* antliorities hold that the 
presence of salt in excess in the blood stimulates the n'lial (‘ells much 
in the same way as (^aileine. But a more* jdansibh? explanation is that 
the greater volume of the blood, following the? absor|)tion c»f the 
fluid and the increased flow of lymph, ri^»<ults in an in(a’(‘as<i in tlui 
capillary pressure in the glomerulus and this in (urn promutc's the 
escape of fluid into the capsule. A more rapid flow through the 
tubules follows, and the glomerular se<;retion lies in tlaan for a shorter 
time, so that there is less tendemey for its const ilii(?nts l4> lx* n*absorbcd 
into the blood vessels; the fluid ns'mhing the uniters is accordingly 
increased and the dissolved .salts and iin‘a arc also augmented ; those 
constituents which in ordinary circumstamu's an; absorlK*d most readily 
by the epithelium of the tul)ules an; in('i*eas(‘d m(»n; than (Ik; others, so 
that the chlorides, and the pot;issimn and sodium of the urine riw; 
much more than the nr(»a, phosphates or siil|)ha(es (;ven wl»(;i) the 
diuresis is due to the absorption of water. Any olli(;r diflnsible body 
increases the urine in the .saim; way as salt, and urea lias therefore Ix'en 
sngge.stcd as adiiinitic; it differs from salt in (he diffienlty with which 
it is absorbed from the tubules of (he kidney and (his fiirth<‘r retards 
the absorption of the fluid, .so (hat urea may probably have a more 
powerful diuretic action than .sodium chloride. 

Other secretions, such as the saliva, an; incn.‘ased by salt, and this 

* The following explanation of the diiiresiH is haftc*! iifKm the theory that all the C(wi- 
stituents of the urine are excreted by the glomenihiH, and that home of Iheni, notably 
much of the fluid and the alkali dilorides. art* r(nil»^>rlH;fl in puasing through the 
tubules, Journ. of Physiol., xxvii., p. 42t); xxviii., p. lai. 
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not only by a reflex from the mouth, but also because some of the salt 
is excreted by the salivary glands. 

When very large amounts of isotonic salt solution are thrown into 
the blood, the organism may have difficulty in excreting it rapidly 
enough, and the tissues are therefore found to be swollen and oedema^ 
tons in some parts of the body. 

When salt solution is injected into the serous cavities or into the 
lymph spaces, absorption occurs in the same way as from the alimentary 
canal, except that in the case of the serous cavities osmosis seems to 
play a greater, and the other forces a smaller r6le, than in the stomach 
and intestine. 

The administration of large quantities of fluid, either as water or 
as dilute salt solution, might be expected to have some effect on the 
general Tissue Change, through the increased movement of the lymph 
flushing out the cells and leading to a more complete removal of the 
waste products. As a matter of fact, some increase in the nitrogen 
and sulphur eliminated in the urine has been observed under the use 
of large quantities of water, but it is impossible to estimate at present 
how far this may be due to the diuresis alone ; in any case the increase 
is not by any means so large as is often believed, as it only amounts to 
some 5 per cent., or less. Any salt solution causing an acceleration in 
the movement of the fluids of the body must tend to facilitate the 
excretion of the waste products in the same way, but some recent 
investigations indicate that in addition salt tends to lessen the proteid 
metabolism through acting directly on the cells ; this action is so slight, 
however, that the resulting fall in the nitrogen eliminated is concealed 
by the increase caused by the more complete flushing and diuresis. 
The amount of proteids and flits absorbed from the alimentary tract 
does not appear to be altered by the administration of large amounts 
of water (Edsall). 

Strong salt solutions injected into animals either hypodermically or intra- 
venously sometimes prove fatal, apparently from the withdrawal of fluid 
from the central nervous system. The symptoms in mammals are increas- 
ing lassitude and weakness, with augmented reflex excitability, tremors, and 
finally convulsions. The circulation is only slightly affected until just before 
death, when the blood-pressure falls suddenly. The red blood cells are 
found to be much shrunken, and according to Heinz, form thrombi in many 
vessels. Haemorrhages are found in dilferent organs, the lungs are oedema- 
tous, and the intestinal mucous membrane is swollen and congested. 

The Salts of the Urine are increased by diuresis from any cause as 
has been stated ; both sodium and potassium are augmented but espe- 
cially the sodium which is present in larger proportions in the serum 
and therefore forms a larger constituent of the glomerular secretion. 
This increase in the sodium salts is of course particularly marked when 
diuresis is induced by common salt, but when potassium salts increase 
the urine, the sodium also generally predominates in it and this would 
eventually lead to the loss of all the sodium in the blood of herbivora, 
whose food contains large quantities of potassium ; but after a certain 
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amount of sodium has been lost, potassium causes no further excretion 
so that the tissues apparently protect themselves from the total loss of 
sodium chloride, which would be fatal to them. 

Bunge states that in both man and animals a diet lich in poUissium causes 
an appetite for common salt, while a diet which doea not conhun tin excess 
of potash, does not develop this desii-e. Thus herbivorous aHinials and 
agricultural peoples seek for salt, because vegetable foods contain largo 
quantities of potassium, while the carnivora and the hunting peoples retium 
no salt and oUtcu have a distaste foi it, owing to their food containing a larger 
relative proportion of sodium salts. This inKtiiuMive appetite he regards as 
a means by which nature j)rote(^ts the tissues from excessive loss of sodium. 
Some doubt has recently been thrown on this exjdanation of the divsire for 
salt by Lapicque, who discovered some African inees living on vegetable sub- 
stances alone, and using the ashes of the plants, which contain more potas** 
sium than sodium, as civilized peoples use ordinary salt. He holds, there- 
fore, that salt is merely of value as a Havoring agent. 

Therapeutic Uses. — Water and salt are rarely or never proscribed as 
such, but are used to a very large extent in nuHlicine, and great virtues 
have been siscribcd to them in a number of piithologitnil (xmclitions. 

They arc used for their Ick^jiI action, and for tlio supposed altemtions 
in the tissue-change and in the excretions prodnecd by tlr in after their 
absorption into the blocnl. In general, patients arc smit to watering 
places and baths, and the suemss of the treatnuMit is to a eonsidomblc 
extent due to the climatic conditions, tlio ('hangc in the hal>its of life, 
the dietetic treatment, and the re.st from everyday oe<‘upationH. At 
the same time the drinking of large quantities of W(»ak salt HoliitioiiB, 
and the constant bathing in somewhat irritating fluids, may exercise a 
therapeutic action in many cas(?s, and may at any rate aid the hygienic 
conditions. Whether the water cMintains salt or not, it must be remem- 
bered that in bathing the action is a purely locjal om*, for neiilutr the 
salt nor the water is absorbed. The slightly irritant effee.t on the skin 
may, however, improve its circulation and nutrition, and thercjby bo 
efficacioiLS in some skin discsises. Jiy continued ns(*, tin? sensitivimesH , 
of the skin vessels to heat and cold may also |K)ssil)ly be deadened. 
Remarkable effects on the tissue change have bentn alleged to be |)ro- 
duced by bathing in strong salt solufions, owing to their counter- 
irritant action. For example, the excretion of urea ami the oxi<lation 
in the body are often said to Iw much im*reaseil, but tlufse rcisiillji have 
not been confirmed after further ex|M»rience. SjM'cjia! baths an* very 
frequently recommended for some dis<MS(?s, but it must be nuneinbered 
that the action is due to the salt-action ; the greab*r the (?oncentraiion, 
the greater is the cflTect on the skin, and it is of no importamx^ which 
of the neutral salts is in the solution, or whether small tnuajs of iron 
or other metals are present; alkaline baths are more stimulant than 
others. 

In diseases of the stomach the drinking of largf; quantities of water 
or of weak salt solutions may also be beneficial, ^flie action is similar 
to that on the skin — a mild irritaiiou, owing to the swelling np of 
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the more superficial cells of the epithelium and the increased move- 
ment of the fluid in them ‘and in the deeper layers. In some cases of 
insomnia hot water sometimes causes sleep, probably by causing dila- 
tation of the gastric vessels, and thereby withdrawing the blood from 
the brain. 

In many diseases in which the symptoms point to a disorder of the 
metabolism, water and salt solutions are advised. Thus gout and 
rheumatism are frequently treated by sending the patients to watering 
places, on the theory that the tissues are washed out thoroughly, and 
the waste products thus removed. As a matter of fact, the more recent 
work in this direction shows that large quantities of water and dilute 
salt solutions have little or no effect on the uric acid excretion, which 
was formerly believed to be much diminished. This fact does not 
necessarily involve the inference that the treatment is erroneous, for it 
is now generally recognized that gout is not really due to the failure 
of the uric acid excretion. Many cases are unquestionably benefited 
by tlic springs, although it may be questioned how much of the 
improvement is due to the water taken, and how much of it ought to 
be ascribed to the changed conditions of life. 

The bath treatment has been recommended for numerous diseases 
in which the salt and water could not possibly have any beneficial 
action, and in which the remedial agent is the climate, and perhaps the 
faith of the patient in the water. Belief in the healing power of cer- 
tain natural waters is one of the most ancient of all therapeutic 
theories, is found among altogether uncivilized peoples, and has been 
incorporated in many religions. It is not to be wondered at that in 
some nervous disorders the faith of the patient and auto-suggestion 
perform some marvelous cures.^^ 

In obesity the drinking of some waters, such as tliat of Kissingen 
or Homburg, lias been advised. These waters contain from 0.2-1. 4 
per cent, sodium chloride, and it seems very doulitful if they have any 
effects in themselves ; many hold that the benefits accruing from the 
treatment arc really due to the hygienic measures followed, and that 
the waters play oidy an insignificant role. 

Salt in solid form or in strong solution is used occasionally as an 
emetic in cases of emergency, as in poisoning, and generally produces 
vomiting rapidly, owing to the irritant action on the stomach. In 
nitrate of silver poisoning it arrests the corrosive action by the forma- 
tion of the insoluble silver chloride. 

Salt solution is oft(*n used instead of water in enemata, and when con- 
centrated possesses an irritant action on the bowel, producing [)eri- 
stalsis. Strong solutions are sometimes thrown into the rectum to 
destroy round worms. 

Isotonic salt solutions (O.G-0.9 per cent.) are often administered 
when the body has lost much fluid, as they are rapidly absorbed and 
are devoid of irritant action ; thus in haemorrhage these solutions 
are injected sijbcutaneously, intravenously, or per rectum. A rapid 
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improvement in the circulation follows, and this has given rise to the 
erroneous opinion that such saline infusions stimulate the heart directly 
as well as by the mechanical effect of the increase in the fluids of the 
body; this theory . has led to infusions being made in weakness of 
the heart from other causes than haemorrhage. Some of the symp- 
toms of cholera are believed to be due to the loss of fluid, and these 
are said to be relieved by the injection of salt solutions, though the 
mortality does not seem materially altered. The intravenous and sub- 
cutanous injection of salt solution has been recomm<|nded in uraemia 
and similar intoxications, with the idea of washing out the poisons 
through the kidneys ; the same results can often be obtained by drink- 
ing large quantities of water. There is still some question as to whether 
the infusion of salt solution is really remedial in loss of blood, and the 
latest investigator of the matter, Feis, comes to the conclusion that it 
is of little or no benefit. The hypodermic injection of large quantities 
of isotonic salt solution is said by Biernacki to have effects which only 
pass off in some 6-8 days in animals. The blood was at first much 
diluted, but afterwards became very concentrated and after a few days 
a considerable number of the red cells were found in a state of disin- 
tegration, and the haemoglobin thus liberated was distributed through 
the plasma until it was finally excreted in the urine. The animals 
did not seem to suffer from the treatment, but his results indicate that 
the injection of large quantities of salt solutions is by no means the 
Iiarmless proceeding which it is generally believed to be. 

Isotonic salt solutions are used in surgery to wash out the peritoneal 
cavity, which would be injured by distilled water. 

Preparations. 

Sodii Chloridum (U. S, P., B. P.), common salt. 

Aqua (U. B. P.). 

Aqua Destillata (U. S, P., B. P.), 
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11. POTASSIUM SALTS. 

The effects of jpotassium in the organism can best be studied by ad- 
ministering the Siloride, as the Cl ion is practically devoid of action 
and the symptoms induced by potassic chloride must therefore be due 
either to the salt-action or to the potassium. The salt-action can 
be discounted by comparing the symptoms with those of an isotonic 
solution of sodium chloride, and when this is done it is found that 
potassium has a distinctly poisonous action, which is chiefly manifested 
in depression of the central nervous system and of the heart. 

In the frog the central action is shown by the spontaneous move- 
ments becoming weak and slowly performed, and by their completely 
disappearing much earlier than in sodium chloride experiments. In 
mammals the chief nervous symptoms are great muscular weakness and 
apathy. The respiration becomes rapid and labored, probably from 
the anaemia of the centres, and death is often preceded by weak as- 
phyxial convulsions. 

The depression of the heart is shown in the frog by weakness, slow- 
ness and irregularity when chloride of potassium is injected subcu- 
taneously, but is more clearly demonstrated by the rapid failure of an 
excised heart when a chloride of potassium solution is perfused through 
it. ’ An isotonic solution of common salt also brings the heart to stand- 
still after a time, but potassic chloride acts very much more quickly, 
and, in fact, the former may restore the heart beat after it has been 
stopped by potassium, winch proves conclusively that the latter has a 
specific poisonous action in addition to any salt-action, liinger, how- 
ever, found that the beat of the frpg^s heart perf*u.sed with a solution 
of common salt was not so satisfactory as that of one perfused with 
the same solution to which some potassic salt had been added, because, 
as has been already mentioned, the proteids of the heart must contain 
pobissiiun, and when this is substituted by sodium, as is the case when 
there is no potassium in the perfusion fluid, the muscle becomes in- 
capable of normal contraction. (See Calcium.) 

The mammalian heart is also injured by the action of potassium 
when the salt is administered in large quantities, as is shown by the 
pulse becoming much slower and weaker and by a sudden fall of blood- 
pressure ; an acceleration of the pulse is often observed at first. The 
poisonous action of potash on the heart has given rise to exaggerated 
apprehensions of the danger of using its salts in therapeutics, and it 
may therefore be noted that potassium has practically no effect on the 
heart when given by the stomach, and that very much larger quantities 
of potash are taken daily in the food by thousands of persons than are 
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ever prescribed in medicine. Bufigo estimates the amount of potash in 
the food of some classes at 50-100 grms. (lJ-3 oz.) per day. The 
absence of effects from the potassium ion when the salts are taken by 
the mouth is due to their rapid excretion in the urine. 

The failure of the heart is the cause of dp^ith in mammals when 
potassium salts are injected into a vein, the respiration and the reflexes 
often persisting for a few seconds afterward. Ac-cording to Braxin, 
potassium salts cause a transient contraction of the vessel walls when 
they are injected directly into the arteries. 

Potassium has some action on muscle in the frog, the contraction seeming 
to be somewhat greater in height, though shorter in length, and there being 
less tendency to contracture. Muscle exposed in a solution of potassic chlo- 
ride dies very much sooner than in an isotonic solution of sodium chloride. 

Chloride of potash has also some depressant action on the peripheral 
nerves, for they lose their irritability, rapidly when they arc exposed to its 
solutions. A concentrated solution applied to an exposed nerve ctiuses con- 
tractions of the mus<;les which ai'e supplied by it, but those arc weaker 
and last a much shorter time than those elicited by a similar solution of 
common salt. This is explained by the depressant action of the potassium 
opposing the irritation which it induces through its salt-action. This ellcct 
on the nerves has been used by Pohl to explain a curious observation made 
by Nothnagel, who found that a strong solution of chloride of sodium aj)- 
plied to the peritoneal surface of the rabbit’s intestine, causes a local con- 
traction, followed by an upward peristaltic wave, while a similar solution of 
a potassium salt induces only local contraction, Pohl supposes that in the 
case of the sodium salt the peristaltic wave is caused by nerve stimulation, 
while the potassium depresses the nerve so much that it is unable to curry 
the impulses, and the contraction therefore remains local. 

The absorption of potassium salts is followed by the same changes in the 
movement of the fluids of the body as have been described in the case of 
sodium chloride (page 489). This generally results in diuresis with an in- 
crease in the potassium and the sodium and chloride in the urine. Tt is often 
stated that the potassium salts induce a more marked increase in tht», urine 
than those of sodium, but this is not based on any satisfactory intiasurements ; 
another s^tement which requires confirmation, is that strong solutions of po- 
tassic chloride are more irritating to the stomach and also in the subcutane- 
ous tissues, than those of sodium chloride; this would indicate that potassium 
has a specific irritant action apart from its salt-action, which is not unlikely, 
although it cannot be said to have been demonstrated satisfactorily as yet. 
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pressing the spinal cord in the frog, but it is uncertain whether this is, like 
the action of sodium chloride, merely due to the presence of large quantities 
of salts in the body, or whether they have a specitic action on the nei*ve cells. 
Lithium seems to have some further depressant action on the motor nerves, 
and to weaken the muscular contraction. It acts much less powerfully on 
the mammalian heart than potassium, but has some effect in weakening it. 
Its chief effects are exercised in the alimentary tract, for gastro-enteritis and 
extravasations of blood into the stomach and bowel are induced by its sub- 
cutaneous or intravenous injection and these are the cause of death in fatal 
poisoning in animals. Such violent effects are less easily elicited by the ad- 
ministration of lithium by the mouth, though vomiting and purging have been 
caused in animals by this method also, and disturbance of the alimentary tract 
has sometimes followed lithium treatment in man. Some of the lithium is 
excreted in the bowel, and in this respect this metal appears to form a contrast 
to potassium and sodium and to resemble rather the group of alkaline earths. 

Kubidium seems to act on the frog^s heart and on muscle cells in much the 
same way as potassium. 

Ca3sium rcHcmblcs lithium in causing inflammatory reactions in the alimentary 
tract, leading to vomiting and diarrhcea, when it is injected hypodermically or 
when large doses are given by the mouth. It is partly excreted along the ali- 
mentary tract in mammals. In the frog it induces weakness of the muscles and 
paralysis. 
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III. AMMONIUM. 

Althougli ammonium is not a metal, its behavior in the body resem- 
bles in many points that of the fixed alkalies, and it may therefore 
best be studied along with them. The ordinary solutions of ammonia, 
and the gas itself are possessed of powerful irritant properties, and its 
general action can be determined only by the examination of those of 
its salts in wliich, as in ammonium chloride, the effects of the anion 
can be neglected. The action of chloride of ammonium is due to the 
specific action of the base and to the salt-action. 

Action. — Its most striking effect is the stimulation of the Central 
Nervous System, which is induced when it is injected subcutaneously 
or intravenously. The reflex irritability is much increased, and this 
may be followed by tetanic convulsions both in frogs and mammals. 
These convulsions persist after division of the cervical spinal cord and 
destruction of the medulla oblongata and brain, and are evidently 
caused by changes in the spinal cord, similar to those met with in 
stryclinine poisoning. According to Yourinsky, the increased reflex 
and the convulsions are preceded by a short stage of depression in the 
frog and pigeon, but this depression is not observed when the parts of 
the central nervous system above the cord are destroyed in the frog, 
or when the cerebrum is removed in the pigeon. He holds that the 
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brain is first stimulated, and that this action inhibits the reflexes, but 
that as the stimulation passes downwards, the spinal cord is acted on 
in turn and the reflexes are exaggerated. The medullary centres are 
also involved, for the respiration very often ceases for a moment, and 
then becomes very much accelerated, and in some instances deeper. 
The cause of the altered breathing is a stimulation of the respiratory 
centre; the preliminary pause is attributed by some to action on the 
vagus ends in the lungs, but this is denied by others, and it seems pos- 
sible that it is due to excessive stimulation of the respimtory centre. 

The blood-pressure rises from contraction of the peripheral arterioles, 
induced by stimulation of the vaso-motor centre, while the heart is 
sometimes slowed froni increased activity of the inhibitory centre, but is 
said to be accelerated in other cases ; whether this arises from action 
on the cardiac muscle or on the accelerator centre is still unknown. 

During the convulsions, the respiration is arrested and the blood- 
pressure becomes extremely high. If large enougli qiuintithjs be in- 
jected, the stimulation is followed by paralysis of the central nervous 
system and the animal dies of asphyxia, but if artificial respiration be 
carried on it recovers ra{)idly, from the salt being changed to an inac- 
tive substance in the tissues. 

In the frog ammonium chloride tends to paralyze the terminations of 
the Motor Nerves, but little or no such action is met with in mammals. 
This marked curara-1 ike action diffcn‘ntiatos the ammonium tetanus of 
the frog from that seen under strychnine, as the spasms last a sliorter 
time, and soon become weaker from the impulses foiling to reach the 
muscles through the depressed terminations, 'Fhe Muscles themselves 
are also acted on by ammonium in much the same way as by i)otassium, 
although in the case of ammonium a preliminary stage of somewhat 
augmented irritability has been observed by some investigtitors. Am- 
monium chloride is generally credited with acting on the Secretions of 
the stomach and of the bronchial mucous membrane, which it is said 
to render more fluid and less tenacious, and at the same tinui to increase 
considerably.^ No explanation of this effect on the mucous secretion 
has been offered, and ammonia does not seem to be excrettMl by tli(3 
lungs, nor has it been found in the bronchial secretion. 

Ammonium salts penetrate most cells of the body more freely than 
the salts of the fixed alkalies, and solutions of ammonium eliloride are 
therefore absorbed more rapidly from the stomach and intestine than 
those of sodium or potassium chloride. They |)ermeate into the blood 
cells with still greater freedom, and, in fact, solutions of the chloride 
of ammonium meet with little more resistiince in entering the red blood 
corpuscles than does distilled water. If ammonimn be combiiuKl with 
a non -permeating ion it penetrates the 1)1o(k1 ctdls or the intestinal 
epithelium with difficulty, however, so that the sulphate of ammoniiiiti 
is slightly cathartic, althougli less than tluj siil])hates of tla^ fix(Hl 
alkalies, (See Sal ine Cathartics.) The qn'theliurn of the lungs a[)pears 

' Rossbacli states that the injection of the eJiloritle into tlie vein of an aniirail lessens 
the bronchial secretion. 

32 
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to be impermeable by the ammonium ion, so that when amnionia is 
inhaled it does not reach the blood, and when it is absorbed from the 
alimentary tract it does not appear in the breath (Magnus). 

When ammonium salts are taken by the mouth, they nave little or 
no tendency to cause symptoms from either the central nervous system 
or the heart. No case is known in which convulsive attacks could be 
shown to be due to the direct action on the central nervous system in 
man, and it is very doubtful whether the circulation is affected at all. 
In some cases of poisoning with ammonium hydrate, convulsions have 
occurred, but these seem to be due to the violent local action of the 
caustic alkali. The chloride of ammonium may induce irritation and 
vomiting when taken in large quantities into the stomach, but only 
through its action as a salt. 

Ammonium is changed to urea in the body and is Excreted in this 
form in the urine. This transformation, which probably takes place in 
the liver chiefly, proceeds very rapidly, so that considerable quantities 
of some salts may be injected slowly into a vein without inducing any 
symptoms whatever. The urea in the urine would therefore tend to 
be increased by ammonia if other factors were not involved, and as a 
matter of fact this occurs in the herbivora. In carnivorous animals and 
in nian, on theother hand, some of the salts of ammonium increase the ex- 
cretion of urea, while others apparently increase the ammonium salts in 
the urine. Thus the carbonate or acetate of ammonium is excreted as 
urea, while the chloride appears to be excreted unchanged. This differ- 
ence in the behavior of the ammonium salts is more apparent than real, 
however. As a matter of fact the dmmonia is excreted as urea in each 
case, but the acid with which it is in combination may conceal this. In 
the case of the carbonate no acid is freed, and the same is true of the 
acetate, which is oxidized to the carbonate in the tissues. When, how- 
ever, urea is formed from ammonium chloride, hydrochloric acid is lib- 
erated in the tissues and would act as a poison, were it not neutralized at 
once by ammonia being formed in the tissues themselves. It is then ex- 
creted by the urine in combination with this freshly formed ammonia,^ 
while that with which it was formerly combined appears as urea. The 
formation of ammonia in the tissues, however, withdraws some nitrogen 
which would ordinarily have formed urea, so that the net result is that 
the urea excretion is little changed, while the aramorJa of the urine is 
much increased. The carnivora therefore neutralize the hydrochloric 
acid with freshly formed ammonia. The herbivora on the other hand 
neutralize it with fixed alkali, so that the administration of ammonia 
always increases the urea excreted by them, while little or no ammo- 
nia appears in the urine ; at the same time the fixed alkalies of the 
blood tend to become neutralized, and this may give rise to serious 
symptoms. (See Acids.) 

The urine is often increased by the exhibition of anmionium salts, but 
not always. It is to be noted that, while the alkaline salts of the fixed 

' In some ca«es appa}*entljr tlie hydrochloric acid is not excreted in this way at once^ 
but goes to increase tlie acidity of the gastric juice. 
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alkalies render the urine less acid or even alkaline, ammonium salts 
have no such effect, because they are excreted as urea. 

In birds and reptiles, ammonia is apparently excreted as uric acid. 

The Substituted Annuonias of the methane series, such as methylaiuiue, 
and some of those of the aromatic series resemble ammonia in their general 
effects, but the stimulation of the central nervous system is not often so 
marked a feature. In general terms, those eompounds in which one hydro- 
gen atom is substituted, tend to cause greater nervous stimulation than those 
in which two or three such substitutions are made, while this action is again 
more prominent in those in which four alkyl groups are combined with the 
nitrogen. In addition, most of these compounds seem to have a more depres- 
sant action on the central nervous system afterwards than ammonia, and they 
all tend to weaken and eventually pamlyze the terminations of the motor 
nerves. 

The ammonium bases formed from the natural alkaloids appear to have 
less action- on the central nervous system, but act like curara on the termina- 
tions of the motor nerves. (See page 2G0.) 

Preparations. 

Ammonu Chloridum (U. S. P., B. P.) (Nil, 01), 0.3-1 G. (5-15 grs.), in 
solution. 

lyochisci Amimnii Chloridi (U. S. P.), each (containing 0.1 G. (2 giH.) of 
ammonium chloride with 0.25 G. (4 grs.) of licpiorice extmet and sonui syrup 
of Tolu. 

Therapeutic Uses. — The chloride is prescribed chiefly for its effects 
on the respiratory mucous membranes, and is a very common (constit- 
uent of expectorant mixtures for bronchitis and catarrh. The lozenge 
is often used for sore' throat, and chloride of ammonium solutions are 
occasionally inhaled or sprayed into the throat. It has also been pre- 
scribed in gastric catarrh with benefit in some cases, but whether this 
is due to its acting on the mucous secretion, or to its iiKcreasing the 
acidity of the gastric juice is unknown. 

Ammonium chloride and the chloride of trimethylamraouium were at 
one time advised in rheumatism, but have proved useless in this disease. 
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IV. BROMIDES. 

It was formerly widely believed that the bromides had no further 
action tlian the chlorides, and that any effects observed from potassium 
bromide were due to the potassium ion, the bromide ion being indif- 
ferent. There is now no question, however, that the bromides have 
distinctive effects, for the bromides of potassium, sodium, lithium, and 
other metals induce changes in the central nervous system, which are 
not elicited by the chlorides. At the same time the bromide action is 
comparatively weak, and the basic part of the salt has therefore con- 
siderable influence on the action. 

Symptoms. — The bromide of potassium is the ssilt most generally 
used, and its action has been more carefully described than that of the 
other bromides. 

In the Alimentary Tract it acts in the same way as the chloride of 
sodium, possessing a bitter salt taste and inducing salivation and 
thirst, and in large quantities, irritation of the stomach, nausea and 
vomiting. Occasionally diarrhoea has been observed from concen- 
trated solutions reaching the intestine. 

General Symptoms. — Apart from these results of local irritation, the 
first symptom is often a dull, heavy headache, with a feeling of lassi- 
tude, fatigue, disinclination for exertion, mental or physical, and often 
muscular weakness. Thought is slow and confused, the memory is 
indistinct, ideas are put into words with difficulty and the speech is 
accordingly slow and hesitating. External objects and movements are 
perceived, but arouse no interest in the patient, and very often this 
state of apathy passes into drowsiness and sleep. The bromides, how- 
ever, have not the sleep-compelling power of morphine or chloral, and 
the sleep is never very deep and is not refreshing, the patient some- 
times feeling dull and unfit for exertion after it, and some mental con- 
fusion often persisting for several hours after awaking. The reflexes 
arc much depressed by large doses of bromide, so that touching the 
back of the throat does not induce nausea, although the sensation of 
touch may persist. The mucous membranes of the genito-urinary 
tract arc also less sensitive, or rather their irritation is less liable to 
set up reflex movements. After very large doses of the bromides the 
conjunctiva may sometimes be touched without causing winking, and 
lessened sensation in the skin has been noted in some cases. 

The pulse is slow and weak after large doses and the respiration is 
also less active. An increase in the urine is often observed. 

Acute fatal poisoning with bromides has seldom or never occurred 
in man, but after enormous doses prolonged sleep or stupor has hem 
seen, and confusion and apathy lasting for several days. 

When bromide is given re|K'atedly in large doses, a scries of symp- 
toms is often induced to which the name of Bromisjn has been applied^ 
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It occurs much more rapidly in some persons than iii othei*s, and may 
suddenly appear after the patient has been taking the drug for months 
without any untoward results. The commonest symptoms of bromism 
are sMn eruptions of various kinds, very often commencing as acne of 
the face. In severe cases the pustules of acne may coalesce and form 
small abscesses, which are followed by ulcers. In other cases the skin 
affection partakes rather of the nature of a localized blush or erythema, 
and sometimes copper-colored blotches have been observed. Some d/«- 
furbanee of the digestion and loss of appetite is often met with from the 
local action of large quantities of the salt on the stomach. Affections 
of the respiratory passages are not produced so often by the bromides 
as by the iodides, but have been met with and consist in an increased 
secretion of mucus by the bronchial and nasal epitlielinm. The mental 
symptoms are merely exaggerations of those observed after one lai’ge 
dose. Tlie memory is especially defective, sometimes sudden lapses 
occurring, sometimes a general inability to remember the most recent 
events being met with. The patient is indifferent to his surroundings, 
speaks slowly and stammers, mispronounces ordinary words, or misses 
several words out of a sentence. Tlie gait is nuc(a*tain and tremor 
often accompanies any movement, the expression of the face is stupid 
and apathetic, and the eyes are heavy and lack lustre. 

These symptoms generally disappear on the witlulrawai of tin? drug, 
but in his reduced condition the patient is of course liable to fall a 
victim to infectious disease, and in a number of cases of chronic 
bromide poisoning the immediate cause of death has been an attack 
of bronchitis or pneumonia. 

Action. — The effects of the bromides on animals have been the sub- 
ject of a large number of researches, but these have not Ix^en attended 
with success in most cases, because the investigators Iiave almost 
always used the bromide of potassium. The action here is complicated 
by the potassium action as well as by the salt-action, and these are 
often sufficient to obscure the slight depre^ssion of the brain which is 
the really characteristic effect of the bromide ion. In the frog, for 
example, potassium chloride is capable of inducing depression of the 
central nervous system, and a certain amount of stupor is inducted by 
the salt action of chloride of sodium. The slightly gn^ater depression 
induced by the bromide may well be overlooked, therefore, and many 
investigators have concluded that the bromide ion is as inactive as the 
chloride. The typical bromide action may be induced with greater 
clearness in mammals by the use of sodium bromide in repeated doses, 
and in dogs symptoms of depression and imperfect coordination have 
been observed, and sometimes stupor and death from failure of the 
respiration. The most characteristic action, however, is obtained from 
the administration of the drug to patients, as the affection of the cen- 
tral nervous system is so slight after all but extreme doses, that in 
order to produce distinct symptoms in the less sensitive brain of the 
dog, quantities must be used which entail the additional complication 
induced by salt-action. 
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The irritation of the throat and stomach, the nausea, vomiting, and 
rarer diarrhooa must be attributed for the most part to the action of 
the salt in withdrawing fluid from the mucous membranes, and may 
be avoided by the use of dilute solutions and by their administration 
when the stomach is full. 

The depression and other mental symptoms are due to a direct action 
on the Central Nervous System. Albertoni found that the irritability 
of the motor areas of the dog^s brain was very distinctly reduced by 
the administration of bromides, and in particular that a stimulus which 
normally would have spread over a wide area and given rise to an 
ejjileptifbrm convulsion, caused only localized contractions after bro- 
mides, while convulsive poisons entirely failed to act. Loewald found 
some psychical processes, such as those involved in the addition of 
numbers, uninfluenced by bromides, while a series of figures could be 
learned by rote only with great difficulty ; he therefore considers that 
the action is limited to certain definite functions.. The reflexes are 
also reduced very considerably by bromides, and according to many 
observers this occurs in the frog before the spontaneous movements 
cease. This is explained by the passage of impulses from the sensory 
to the motor cells of the cord being interrupted, while the connection 
between the cerebral centres and the motor cells of the cord is main- 
tained intact. The reflexes in man are prevented or retarded also, the 
most striking instance being the absence of reflex nausea wlien the 
back of the throat is touched. The other reflexes are also reduced, 
especially those of the genital organs, those of the conjunctiva being 
less aflected. While reflex movements cannot be elicited, the sensa- 
tion often remains unimpaired, but after large doses a more or less 
complete anaBsthesia is said to be produced. This anaesthesia extends 
to the skin when very large quantities are administered, and the cuta- 
neous nerves are said to be rendered somewhat less acutely sensitive, 
when comparatively small doses are taken. 

The depression of the spinal reflexes effected by the bromides ren- 
ders them antidotal to strychnine, which induces convulsions only when 
given in much lai^er quantities than are usually necessary. 

In addition to the ordinary reflexes, some special functions are de- 
pressed by the bromides. Thus the respiration becomes slower, and 
the sexual instincts are depressed or entirely suspended in many cases. 
Whether the latter is caused by action on the spinal cord or on the 
cerebral cortex is unknown. 

The action on the central nervous system is due to the bromide 
only, and not to the base with Mdiich it is combined. Thus, it may be 
elicited by the bromides of potassium, sodium, lithium or ammonium, 
while it is not induced by their chlorides. 

The bromide ion is not very poisonous to Nerve and .Muscle, but it is 
not so nearly indifferent to them as the chloride ion, although no effects 
are elicited unless the bromide is applied directly to the exposed mus- 
cle or nerves. 

The Cardiac Effects, when present, are caused by the potassium com- 
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ponent only, and are not elicited by the bromides of sodium and am- 
monium. The vessels of the pia mater are often found contracted from 
the action of bromides, and this has been supposed to account for the 
depression. It is probable, however, that this anaemia of the brain is 
analagous to that observed in sleep and it may therefore be the result 
and not the cause of the depression. The mental disturbance observed 
in bromism is so nearly related to that seen after a single large dose, 
that it is unnecessary to enter into any explanation of it here. 

The Skin Eruptions have usually been attributed to the excretion of 
bromide through the cutaneous glands, and seem to arise in the great 
majority of cases from the glands, and in fact generally remain con- 
fined to them. Bromide has been found in the acne pustules, and it is 
.quite conceivable that it may act as an irritant here, especially when 
the secretion becomes acid from decomposition. 

The Temperature of animals is often said to be reduced by the bro- 
mide; this may be explained by the lessened movement. 

Excretion. — The bromides are rapidly absorbed by the mucous 
membranes, and some bromide reaction can be obtained from the urine 
a few minutes after they have reached the stomach, but the great mass 
of the drug is very slowly excreted. When the treatment is continued, 
the bromide therefore tends to accumulate in the body, but the pro- 
portion excreted rises with the increase of the salt in the blood, until 
an equilibrium is reached, exactly as much bromide appearing in the 
urine as is absorbed from the stomach. The excretion continues after 
the treatment is discontinued, and the drug is found in the urine for 
one or two months afterwards. When the body is thus saturated with 
bromides, some of the cliloride combinations are replaced by them ; 
for example, Nencki found that the acid secreted by the stomach might 
contain more hydrobromic than hydrocldoric acid. Tlic substitution 
of bromide for chloride may be the cause of some of the symptoms of 
bromism ; one consequence is that the chlorides released from their 
combinations, are excreted in much larger quantity than usual in the 
urine. The nitrogenous metabolism does not seem to be affected, but 
in some cases a considerably smaller amount of phosphates appears 
in the urine. This has been supposed to be related to the action of 
bromides in lessening the mental activity, but is not by any means a 
constant effect. 

The bromides seem to be distributed in the body very much in the 
same proportion as the chlorides, being most largely found in the 
blood serum, while the brain and spinal cord contain them in corn- 
paratively small proportion. 

The bromides are excreted mainly in the urine, but traces occur 
in the perspiration and milk, and some cases of bromism in children 
have been recorded as due to their absorbing the bromide thus ex- 
creted by the nurse. In chronic poisoning the breath very often has 
a disagreeable odor, which has been attributed to bromine or some of 
its volatile organic compounds being excreted by the lungs, but noth- 
ing is known with certainty regarding it. Bromine has also been 
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fpund in the hair after the prolonged use of bromides, and is supposed 
to exist ill organic combinations here. The hydrobromic acid secreted 
into the stomacli in bromism is probably all reabsorbed in the intestine. 

Bromide of Sodium differs from bromide of potassium chiefly in the 
absence of any changes in the heart or in the muscles exposed to its 
solution. The central nervous system also seems somewhat less dc^ 
pressed, because the potassium in itself has some effect, while the 
sodium ion is indifferent. 

Bromide of Ammonium owes most of its action to the bromide ion, 
unless when it is given in large quantities, when, according to several 
observers, the convulsive action characteristic of ammonium is devel- 
oped in animals. Smaller doses are followed by lethargy and weak- 
ness in animals, and in man the effects arc practically identical with 
those of sodium bromide. 

Lithium Bromide has not been so largely used as the others, and is 
liable to cause digestive disturbances from the lithium action (see p. 495). 

Hydrobromic Acid possesses the characteristic bromide action after 
absorption, but has the local action of an acid and is consequently 
more irritant than the other members of the series. 

Strontium and Calcium Bromides seem to resemble the others in their 
general action and are said to disturb the digestion less. At the same 
time calcium and strontium salts arc generally absorbed more slowly 
by the intestine than those of the alkalies. 

PllEPARATIONS. 

POTASSIT Buomidum (U. S. P., B. P.) (KBr), 1-4 G, (16-60 grs.). 

SoDjr Buomidum (U. S. P., B. P.) (NaBr), 1-4 G. (15-60 grs.). 

Ammonii Bromidim (U. S. P., B. P.) (NH^Br), 1-2 G. (15-30 grs.). 

Liihii Bromklum (U. S. P.) (LiBr), 1-2 G. (15-30 grs.). 

Calcii Bromidum (U, S. P.) (CaBr^), 2-4 G. (30-60 grs.). 

SlrontU Bromidum (U. S. P.) (SrBi'g), 2-4 G. (30-60 grs.). 

Acidum ITydrobromicum Dilutum (U. S. P., B. P.) contains comparatively 
little bromide, as it is only a 10 j)er cent, solution in water, so that a gramme 
of bromide of potash contains as much bromine as about 7 grammes of the 
dilute acid. 6-12 c.c. (J-3 fl, drs.) (B. P., 15-60 mins.). 

The bromides are all colorless crystalline bodies without odor but with a 
saline, bitter taste, and are very soluble in water. They are almost always 
prescribed in solution and ought to be taken diluted with a considerable 
amount of water in order to avoid the irritant action on the stomach. The 
prescription may be llavored with syrup and wdth some of the volatile oil 
preparations, llie large doses of the bromides render their hypodermic in- 
jection inadmissible, as. concentrated solutions provoke pain and irritation in 
the subcutaneous tissues. 

A. number of other bromide combinations are used in therapeutics, such as 
the hydrobromate of quinine, but here the bromide ion is present in very 
small quantity compared wuth the alkaloid, and in the doses used in ther- 
apeutics has no appreciable effect. In monobromated camphor the bro- 
mine is j>rcsent in a different form and no bromide ion is liberated, so that 
the action of the metallic bromides cannot be compared with it. As a 
matter of fact, the bromine in this compound seems to have little or no 
effect. 

Therapeutic Uses. — The bromides are used chiefly in the treatment 
of epilepsy, in which they cannot be replaced by any other drug, and 



BROMIDES, ‘ 505 

the prognosis of which has been entirely changed since their inti'odiio- 
tion. In a few cases the bromide treatment is said to cure epilepsy — 
the attacks do not return after the ti^eatmeiit is stopped — but this is 
exceedingly rare ; in others the bromides have no effect, but in the 
great majority of cases (90-95 per cent.) the number of attacks is 
much smaller, or the patient may be entirely free from them as long as 
the treatment is persevered with, although they return as soon as it is 
given up. Very often no improvement is observed during the first 
few days, until the tissues have become saturated with bromide, but in 
other cases the spasms disappear immediately. The bromide of potas- 
sium is more commonly used than the others, and the general impres- 
sion is that it is more efficient and more certain in its effects, but some 
physicians prefer the bromide of ammonium or of lithium, and others 
still prefer a mixture of two bromides. In severe eases it is some- 
times found that the bromide action is strengtliciied by the addition of 
cannabis indica, opium or chloral, although the last two arc to be used 
with caution. In the treatment of epilepsy it is well to begin with 
small doses and to incrciisc them up to 10 (J. per day, or until the de- 
sired effect is attained, or some complication, such as widespread skin 
affections, precludes their farther use. Wlicn litlle chloride is taloai in 
the food the excretion of bromide is mu(*h retard(‘d, and, oji tlie other 
hand, the addition of chloride to the di(‘tary ac(;(‘l(‘rat(js the bromide 
excretion. Tlie restriction of tlie salt in tlui ibod ot* ej)ile|)tios under 
bromide treatment has thereforii bc(‘u suggested with the object of 
saturating the tissues with smaller doses of bromide tluin would other- 
wise be necessary. In j)mctiee, however, it is difficult to rcHlia^e mate- 
rially the chlorides of the food, and e(|ually satisfaetoiy results may bo 
obtained, with less hardship to the patient, by slightly increasing the 
dose of bromide. 

The acne is very often a troublesome accompaniment of the l)romide 
action, and in fact may prevent the use of this valuable drug in other- 
wise suitable cases. It may often be prevented by scrupulous clean- 
liness of the skin and frequently yields to treatment with small doses 
of arsenic. 

The bromides are not so effective in other afiections of the ccmtral 
nervous system, although some success has attended their use in chorea, 
in the convulsions of children, and in some forms of hysteria. They 
have also been used in tetanus and in strychnine poisoning, but arc 
inferior to other remedies such as chloral. Neuralgia is sometimes 
improved by bromide treatment, especially when it arises from worry, 
anxiety, or overwork. 

As soporifics, bromides often fail entirely, or induce such depression 
and confusion subsequently as to preclude their use. In sleeplessness 
from anxiety, they are often valuable, however, and it is found that 
the dose of chloral may be considerably lessened, if it is prescribed 
along with bromides. In sleeplessness from pain, bromide is of little 
or no value. 

Bromides have been used with good results in sea-sickness, in the 
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sickness of pregnancy, and, it is said, in whooping-cough. Bromide 
of potash was formerly given internaUy to lessen the reflex movements 
of the throat and thus to permit of Jaryngoscopic manipulations, and 
it was also applied locally to the throat for this purpose. It has now 
been superseded by the local use of cocaine. 

The Bibliogkaphy 

of potassium bromide, up to 1877, is given fully by 

Krosz. Arch. f. exp. Path. u. Pharm., vi., p. 1. See also 

Alhertoni, Ibid., xv., p. 248. . 

LoewaM. Kraepelin’s Psycholog. Arb., L, p. 489. 

Ack Ibid,, iii., p. 203. 

Wierama. Ztsch. f. Psych, u. Phys. d. Sinnesorgane, xxyiii., p. 179. 

Nencki u. SchounwvhSimanoimly. Arch. f. exp. Path. u. Pharm., xxxiv., p. 313. 

Heffter. Ergebniase der Phyaioiogie, ii., 1, p. 102. 

Bistroff, Arch. f. Aiiat. u. Phys., 1868, p. 721. (Ammonium bromide.) 

Amonj. Bromide of Potassium and Bromide of Ammonium, Boston, 1872. 

Wdr Mitchell. American Journ. of Med. Sciences, lx., p. 440. (Lithium bromide.) 

Bemherl. Boston Med. and Surg. Journ., civ., p. 505. (Hydrobromic acid. ) 

Bosenthal. Ztschr. f. phys. Chem., xxii., p. 227. 

V, IODIDES. 

Although the iodides have been more largely used in medicine than 
any of the other salts of the alkalies, their mode of action is still 
wrapped in obscurity. This is due to the unsatisfactory state of the 
pathology of the diseases in which they are used, to the fact that the 
attention of investigators has been drawn to the symptoms of poison- 
ing rather than to the therapeutic action, and also to the fact that the 
effects seem to vary very considerably not only in different individuals, 
but also in the same person at different times. 

Symptoms. — Large quantities of the iodides cause irritation of the 
stomach from their salt-action, and induce nausea and vomiting, more 
rarely diarrhma; but these symptoms are quite distinct from those 
known as lodism, which may arise from comparatively small quanti- 
ties, and which are most commonly seen when the remedy has been 
administered repeatedly. 

The commonest symptom of iodism is catarrh of the Eespiratory 
Passages, more especially of the nose, which betrays itself in some 
swelling and discomfort in the nasal mucous membrane, in a profuse 
watery secretion, and in sneezing. The catarrh spreads upwards to 
the conjunctiva, which often becomes swollen and congested, and to 
the frontal sinuses, where it induces a feeling of dulness or violent 
headache ; it also progresses downwards to the tonsils, which become 
swollen and inflamed in some eases. Still lower it occasionally causes 
some swelling and cedema or small ulcers in the larynx, and has thus 
caused dyspnoea, which has necessitated tracheotomy, or very rarely 
has proved fatal. Bronchitis has also been observed in man, with a 
profuse watery secretion, and in animals oedema of the lungs and 
pleuritic effusion have been produced by the injection of iodides. 
Even small quantities injected intravenously increase the mucus se- 
creted by the bronchi. 
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In the Mouth iodism is often betmyed by swelling and irritation of the 
throat and tonsils, and by salivation, rarely by swelling of the saliva'ry 
glands. The stomach is seldom affected, the appetite generally remain- 
ing good, but in some persons iodides induce nausea and gastric dis^ 
comfort. 

Skin Eruptions of different forms are also common results of the 
administration of iodides, but are less liable to occur in tlie beginning 
of the treatment than the catarrh of the respiratory passages. These 
eruptions may simulate almost all known skin diseases, but the most 
common forms are erythematous patclies, or papular eruptions which 
may pass into pustules or into larger inflamed areas. Eczema, bullee, 
pemphigus, and purpura arise less frequently from the use of iodides. 
Ill some cases, a more or less defined area of oedema has been observed 
in the face. 

The Secretion of Urine is generally increased by the administration 
of iodides, as of other salts of the alkalies, though they seem to have 
no specific action on the kidneys. In rare ciises albuminuria has been 
observed, and some irritation of the bladder, urethra, and vagina is 
said to have been induced by iodide treatment, but these statements 
req ui re con fi rmation . 

Not infrequently the Pulse is accelerated, though this is not constant. 

The Central Nervous System seldom seems to be alleeted by the treat- 
ment. In rare cases paralysis, tremors and various disordera of sen- 
sation, such as localized anaesthesia or neuralgicj pains, have been 
recorded, but it seems open to question whether tlicsc were in all cases 
the direct result of the medication, 

A slight rise of Temperature has also occurred, often apparently from 
the skin affections or the catarrh ; in soine doubtful eases apparently 
without any such cause. 

Loss of Weight has been noted a number of times both in man and 
animals. This is seen more frequently in thyroid disease (goitre) than 
elsewhere, and in these cases the goitre is often reduced in size. It is 
still disputed whether the prolonged use of iodides lessens the size of 
the testicles and of the mammary glands. 

In some rare cases of very prolonged iodism, a Cachexia has been 
observed, with great loss of flesh, weakness, depression, mental con- 
fusion, restlessness and aberrations of sensation. These did not disap- 
pear at once when the treatment was discontinued, us the ordinary 
symptoms of iodism do. 

In many instances, small doses of iodide may Ix) given repeatedly 
without any noticeable disturbance, but in others, the smallest quantity 
(0.2 G.) induces severe poisoning. Some authorities consider that 
these small doses are more liable to cause iodism than larger ones, but 
this may be doubted, as the action of the drug is so capricious, that 
the statistics of different observers show great discrej)ancies, even 
when approximately the same dose has been given. Thus, Haslund, 
treating patients with at first 3 G. (45 grs.) and then 5 G. (80 grs,) 
daily, observed iodism in only 12 per cent, of his cases during the first 
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few days, while otliers have found iodism induced in 60 per cent, of 
their cfises after a single dose of 3 G. An attempt has been made to 
explain these discrei)ancies by supposing that iodism is only produced 
by impure iodides, but this is not correct, for it has been observed in 
numerous cases in which the drug was absolutely pure. Among other 
conditions which favor the onset of symptoms, is a slow excretion of 
the iodide such as is observed in some forms of renal irritation. 
Children seem less liable to suffer from the iodides than adults. The 
dose administered has, of course, some relation to tlie onset of symp- 
toms ; thus, very large doses arc more likely to induce them than very 
small ones, but it seems that a tolerance is soon established in some 
cases, for after iodism has been induced, and the daily dose lessened 
accordingly, it is sometimes found that it may be gradually increased 
until a quantity considerably greater than that originally given may 
be taken with impunity. In other instances, a definite quantity may 
be given for along time without inducing symptoms, but these may sud- 
denly set in without any apparent change in the treatment and without 
any appreciable cause. Very often it is found that the symptoms dis- 
appear when the treatment is continued, and recovery invariably sets 
in when the drug is abandoned. The iodides all induce iodism, the 
symptoms being apparently unaffected by the basic ion, but the iodide 
of ammonium is said to be more liable to induce them than the others, 
owing to the iodine being freed from it more easily. The symptoms 
arc seldom dangerous, but a few cases are recorded in which oedema 
of the larynx resulted and proved fatal, and in others death was attri- 
buted to the iodides, but the exact cause was not ascertained. 

The iodides are not Absorbed from Avatery solutions applied to the 
skin, but are rapidly taken up by all the mucous membranes. When 
given by the mouth they arc absorbed unchanged by the stomach and 
intestine, and appear in the secretions within a few minutes. The 
greater part of the iodide is Excreted in the urine, in which it ap- 
pears as salts. Some escapes by the sjilivary glands, however, and small 
quantities are excreted by the stomach as hydriodic acid and some- 
times as free iodine ; iodide has also been found in the tears, per- 
spiration, milk, sebum, and in the secretion of the nasal mucous 
membranes. No iodine can be detected in the breath of animals 
poisoned with iodides. After treatment with iodide of potash, iodine 
has been detected in the hair, milk, muscles and heart in organic 
combination. Iodides are much more rapidly excreted than bromides, 
for 65—80 per cent, of the iodide appears in the m ine within 24 hours 
after its administmtion, and no iodide reaction is obtained from any of 
the secretions a week after the treatment has ceased. It has been stated 
that iodide foils to pass into the serous cavities in inflammatory transu- 
dates, but this seems to be incorrect, although the starch test often 
fails here from the presence of proteids. 

The greater part of the iodide administered therefore passes 
through the tissues and is excreted in the urine in tlie form of sjdts. 
If iodide of potassium be given, as is generally the case, some inter- 
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change between it and the salts of the tissues takes place and iodide 
of sodium, chloride of potash and several other salts are formed, and 
all of these are excreted in the urine. Some of the iodide undergoes 
decomposition in the body, however, and the free iodine thus formed 
is believed to be the cause of the symptoms of iodisni. This decompo- 
sition of iodides in the body was at first rather inferred from the sim- 
ilarity of the symptoms with those induced by iodine preparations, than 
from the actual demonstration of the presence of iodine in the tissues. 
The ordinary iodine tests fail in albuminous solutions, because it ap- 
pears to exist in a loose combination with the proteids, but free iodine 
has been shown to be excreted into the stomach, and an organic com- 
pound of iodine exists in the hair and in various internal organs after 
iodide treatment. The successful treatment of goitre with iodide of 
potassium is also a strong argument in favor of the presence of free 
iodine, and the iodothyrin of the thyroid gland has lieen shown to be 
increased by potassic iodide. AVhen iodine is thus lilierated in the 
body, it docs not circulate as such, but at once (‘ombines with the pro- 
teids. 

The formation of free iodine from iodides (whi(;li is, of course, quite dis- 
tinct from their dissociation into potassium and iodide ions) lias bemi ex- 
plained by several theories. The first of these assumed that the ioditle was 
decomposed by the carbonic acid of the blood, forming hydriodic acid, and 
that this was subsequently oxidized in tlie blood to free iodine. Binz suji- 
posed that the decomposition occurred rather in tlie jirotojilasm of tlie tis- 
sues, and supported his statement by an experiment in which an iodide solu- 
tion was saturated with carbonic acid and had plant protoplasm added to it, 
after which it gave the oixlinary iodine reaction with starch. Tlie objection 
has been raised that this experiment succeeds only when dying protoplasm 
is used, and another theory has beem proposed, namely, that the oxidation 
is carried on, not by the protoplasm itself, hut Ijy some unstable substances 
which are excreted by living matter, and which therefore oijciir on the mucous 
membranes, in the saliva and elsewhere. These bodices are in themselves 
reducing agents, but in the presence of air, as in the respiratory passages, 
their oxidation is accompanied by the liberation of “active oxygen ” which 
in turn oxidizes the ioflides. Another explanation whi(di has been given for 
the occurrence of free iodine is the action of nitrites, which decompose iodide 
of pohLssiuiTi in the presence of acids. But Antcn found that iodisin is not 
induced more readily in a susceptible subject when tlu^ iiitritt^s ani augnieiitcid in 
the tissues. It has been stated recently that ioilisin is very readily (dicJted in 
patients whose saliva contains much sulphocyanide, and that tin*, occurrence of 
this body in the secretions of the respiratory tract is responsibh? for the manifes- 
tations of irritation induced by iodides. Binz has found that some microbes are 
capable of setting iodine Irce from acid solutions of the iodides. 

Iodine is supposed to be set free along the mucous membrane of the 
respiratory passages and in the skin ; and in tliis way the coryza of the 
former, and the eruptions on the latter are ex|)Iained. It must be noted 
that free iodine has not yet been clearly demonstrated in either of these 
surfaces, and that the theory has been fiirmulated only to exjdain the 
symptoms of iodism. Iodides have been found in tlie nasal secretion, 
saliva, and perspiration, but no free iodine. Some of the other symp- 
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toms of iodism are probably due to action on the thyroid gland j thus: 
the acsceleration of the heart observed in some cases, the loss of flesh 
resulting from their prolonged use in others, and the reduction in the 
size of goitres may all be explained in this way. (See Thyroid Extract.) 

The central nervous system and the circulation scarcely seem to be affected 
by iodides. Very large quantities of potassic iodide iinjected into a vein are 
found to weaken and paralyze the heart in animals, but do not seem to be 
more poisonous than other potassium salts, and depression of the central 
nervous system may also be elicited in the same way by the potassium 
' action. Barbera states that very large quantities of iodides paralyze the 
depressor nerve terminations in the medulla oblonjgata and weaken the pe- 
ripheral inhibitory mechanism of the heart, while Hunt found the accelera- 
tor fibres less easily fatigued after iodide. The metabolism of the body 
seems little aflected by iodides in most cases, but a further examination of 
the excretions of patients who lose weight under the treatment is desirable.- 
The action of the iodides in therapeutics has been ascribed by some authors 
to their rendering the movement of the leucocytes (diapedesis) more active; 
but no satisfactory evidence has been adduced in support of this. Solutions 
of iodide of sodium are found to be more poisonous to muscle, cilia and 
unicellular organisms exposed to them than ai*e similar solutions of the 
chloride or bromide, so that the iodide ion appears to be more fatal to 
protoplasm than the bromide and chloride ion, while it is less poisonous than 
the fluoride. In the frog stiffness and awkwardness in the movements are 
elicited by comparatively small doses of iodide of sodium and these symp- 
toms have been shown to be due to rigor mortis occurring in the muscles. 

Preparations. 

POTASSII lODiDUM (U. S. P., B. P.) (KI), 0.1-1. 3 G. (2-20 grs.). 

Ungiientum Pofassii lodidi (IJ. 8. P., B. P.). 

LinimmiHtm Pofasm lodidi mm Sapone (B. P.). 

Bonn loDiDUM (U. B. P., B. P.) (Nal), 0. 1-1.3 G. (2-20 grs.). 

Ammonil lodidim (U. S. P.) (NHJ), 0.1-1 G. (2-15 grs.). 

Strontii lodidvm (IJ. B. P.) (Srig), 0.3-1 G. (5-15 grs.). 

Syriipm Aaidi Hydriodici (U. S. P,), a syrup containing about 1 per cent, 
by weight of hydriodic acid. 4 c. c. (1 fl. dr.). 

Acidum Hydriodic mn IMlutuyn (U. B. P.), 10 per cent. 0.5 c.c. (8 mins.). 

The iodides form colorless crystals when pure, a yellowish tint indicating 
the presence of free iodine. They are very soluble in water, less so in alco- 
hol, and are always prescribed in watery solutions, and often along with 
carbonates of soda or potash, in order to prevent decomposition as far as 
possible. The iodide of potash is the one most frequently used and is less 
liable to contain free iodine than the others, bpt iodide of soda is preferred 
by some ; the dose often has to be much increased beyond that given above. 
TJie iodide of ammonium Ls said to be more liable to cause skin eruptions 
and disturl>ance of the digestion than the others. Some iodide effects may 
also be obtained by the use of iodide of lead or mercury, but here they 
are complicated by the action of the metal, and these will be discussed 
along with the other salts of lead and mercury. The external application 
of iodides, as in the ointment or liniment of potassic iodide, is not attended 
by any effect local or general. 

Therapeutic Uses. — The iodides are used very extensively in the 
treatment of tertiary syphilis, in which they have proved invaluable. 
They have also been administered in the earlier stages of the disease, 
but have proved to be of little service here. In syphilitic bone disease 
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and ulcers, and in the gumraata of the brain and other internal organs, 
however, a remarkable improvement very often occurs after the iodide 
treatment has been adopted. The iodide of potassium or of sodium is 
^ almost invariably used, and is given in tis largo doses as the patient can 
bear, often up to 5 G. (75 grs.) daily. In the beginning of the tertiary 
manifestations, the iodide is often prescribed along witli mercury, and 
this combination is found more efficient thmi the iodide alone. No 
explanation of the action of the iodides in syphilis has been given, 
although it is surmised that they may act as a specific poison (anti- 
septic) to the unknown cause of the disease. It is suggested by some 
writers (Binz) that the iodine is set free in the gumma or in its neigh- 
borhood, but this is pure speculation, unfounded on any basis of fact. 

In many diseases which are not directly attributable to syphilis, 
but in which there is a history of syphilis, iodides are of value ; thus, 
neuralgia and other nervous disturbances arc often relieved by them 
in persons of a syphilitic taint, and in fixct, improvement is often ob- 
served in the most diverse conditions in persons who have formerly 
suflTered from this complaint. 

Another series of symptoms or of diseases which is often treated 
with iodides, is rheumatism in its various manifestations. The treat- 
ment is of little value in acute rheumatism, and in fact, often fails in 
the chronic disease, but is occasionally attended with improvement, 
although the exact conditions in which this occurs are still unknown. 

The iodides have long enjoyed some reputation in the treatment of 
goitre, but the thyroid extract has proved much superior to them and 
promises to supplant them entirely, as their effects are clue to their 
action oh the thyroid secretion. The same may be said regarding their 
use in obesity, w^hich was found to be successful in somci cases, pre- 
sumably of thyroid insufficiency. In normal persons and animals it 
is often found that iodides rather tend to increase than to decrease the 
weight. 

Some skin eruptions have been found to be benefited by the iodide 
treatment even when no suspicion of sypliilis could be entertained. 
(Compare thyroid extract.) 

The success attending the treatment of goitre with iodides seems to 
have been the basis of their use in cases of enlarged lymphatic glands, 
scrofula, and lupus, but here the results are very doubtful, although 
some authorities allege that the iodide treatment is of value. There is 
a general consensus of opinion that the old treatment of malignant 
.tumors, such as cancer and sarcoma, with iodides is hopeless. 

These salts are sometimes credited with promoting the absorption of 
serous effusions, but here again it seems doubtful if their reputation is 
merited. The same may be said of their use to aid in the removal of 
hypertrophy of connective tissue in the bcKly, as in the various forms 
of sclerosis and cirrhosis, although the iodides are still very widely 
used in arteriosclerosis. Their effect in removing the syphilitic 
gumma was evidently the origin of their use here, but while the resolu- 
tion of gummata under the iodides is beyond question, the evidence of 
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improvement in arteriosclerosis in patients free from syphilitic taint is 
not so decided, and in fact the use of iodides in this condition is con- 
demned by many authorities. Iodide treatment has no effect on the 
heart, pulse, or blood-pressure in arteriosclerosis even after prolonged 
use. Heinz has attempted to find a scientific basis for the treatment 
of exudates and connective tissue hypertrophy with iodides, and sug- 
gests that the vessel walls are rendered more permeable and the leuco- 
cytes more active by these salts, but fails to bring any convincing evi- 
dence for either hypothesis. 

At one time aneurism was treated with large doses of iodide, and 
improvement was undoubtedly observed in some cases, in which there 
was probably a syphilitic taint ; but there seems no reason to suppose 
that the iodides have any special action on the vessels apart from their 
antisyphilitic action. 

Iodides are often prescribed along with other remedies in expecto- 
rant mixtures, the object being to render the bronchial mucus more 
watery and less tenacious, and tshus to facilitate its removal. In some 
cases of asthma they have ’been found of value, perhaps from the 
same action. 

Iodide of potassium is generally prescribed in chronic poisoning from 
lead or mercury, and is believed to hasten the elimination of these 
metals, although it has not been shown that it is of more value here 
than other salts such as the chlorides and bromides. The belief in the 
efficacy of the iodides in mercury poisoning has suggested tliat they 
act in tertiary syphilis only by aiding in the elimination of the mer- 
cury stored in the tissues from the treatment of the earlier stages, but 
this is incorrect, for the iodides are of value in cases of tertiary syphi- 
lis in which mercury has not been previously used. 

Finally, iodide of potassium is sometimes added to other drugs in 
cases of malingering, or in which it is suspected that the patient is not 
taking the remedy as directed. If the iodide is swallowed it can be 
detected in the urine by the addition of a few drops of chlorine water 
and of starch solution, which assumes the well-known blue color. 

Iodides have to be used with care in cases of pulmonary phthisis, 
in which they often increase the cough and expectoration, and in some 
cases, it is alleged, cause hsemoptysis. Children have sometimes been 
found to suffer with iodism from being nursed by a person under 
iodide treatment, 

Iodism very often proves a disagreeable accompaniment of the 
treatment, and is sometimes so severe as to preclude the use of the 
salts, so tliat many attempts have been made to discover some expedi- 
ent by which these symptoms may be avoided. Most of these were 
based on the view that iodism arises from the action of nitrites in an 
acid mcHliura, but doubt may bo entertained as to the validity of this 
hypothesis, and there can be little question of the inefficiency of sul- 
fanilic acid and alkali carbonate treatment in cases of iodism. There 
has been a tendency recently to ascribe the symptoms to the tissues 
being flooded with large quantities of iodide, which are necessary on 
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account of the rapid excretion, and more slowly absorbed preparations 
have been suggested, such as the combination with fats {.lodtphiy p. 
516) ; the absorption of iodide of potassium may be retailed somewhat 
and its action prolonged by prescribing it in mucilaginous fluids. 

The cutaneous eruptions are said to be less liable to occur Avheii the 
skill is kept scrupulously clean by frequent batliing. 
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VI. IODINE. 

Iodine possesses a local irritant action similar to, though less intense 
than that of chlorine and bromine. It is much less volatile, and there- 
fore comes into contact with the tissues more slowly than these, but 
the chemical change is analogous, and iodides and proteid compounds 
result.* 

Action. — When applied to the Skin, it dyes it a yellow-brown or 
dark brown color, and acts as an irritant, ]>roducing a sensation of heat 
and itching. In very concentrated solution or in ilui solid form, it 
may cause blistering or even corrosion, but it acts much more slowly 
than most other irritants, and at the same time the irritation is more 
prolonged. It penetrates into the deeper layers of the skin, and small 
quantities are absorbed. 

The Mucous Membranes are more strongly affected by contact with 
it; thus when its vapor is inhaled for some tinu;, smarting, swelling 
and increased secretion is caused in the nasal mucous membrane, 
conjunctiva, throat and lower respiratory pa-ssages, resembling exactly 
the symptoms known as iodism. In the stomach small quantities may 

' It therefore differs entirely from the iodides and the other .salts, as far as its local 
action is concerned, but there are so many points of connection between the lialogen 
and the siilts that it has been found convenient to insert it here. 'Die same remark 
holds good for the next series (Iodoform). 
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cause slight irritation and improved appetite, but as a general rule 
nausea, discomfort *and vomiting follow its administration in any save 
the most minute doses, and occasionally diarrhoea has been observed 
after it from irritation of the bdweL In cases of poisoning, the irri- 
tation of the alimentaiy canal may prove fatal by inducing collapse 
and failure of the heart and respiration, and iodine may be recognized 
in the vomited matter and in the Stools. 

Solutions of iodine Injected Subcutaneously or into tumors or cysts, 
a common method of treatment formerly, cause intense pain and irri- 
tation which may induce collapse and which have been followed in 
some instances by suppuration and gangrene. 

Iodine is Absorbed in the form of iodides, and perhaps in a combi- 
nation with protcids. The ordinary iodalbuminate obtained by adding 
iodine to albumin, is a very loose compound, and is easily decomposed 
by dialysis, or by heating it to the coagulation point of the albumin, 
when the iodine is obtained free or in combination with alkalies. Sev- 
eral stronger and more definite compounds have been formed recently, 
and it is not impossible that the iodalbuminate formed in the process 
of absorption is of a similar nature. In combination with albumin, 
iodine fails to give the starch reaction. Its Fate in the Body is pre- 
cisely similar to that of the iodidas — it is excreted in the form of 
iodides, diiefly by the kidneys, to a less extent in the saliva, perspira- 
tion, milk, and secretions of the respiratory passages. It also occurs 
in the stomach, into which it appears to be excreted as hydriodic 
acid ; free iodine has been detected here in both man and animals, 
and is probably formed by the decomposition of the acid. In the 
normal organism iodine is contained in considerable quantity in the 
thyroid gland in the form of an organic compound, iodothyrin, and in 
many cases the administration of iodine leads to an increase in the for- 
mation of this substance, perhaps by actually stimulating the secretory 
cells of the thyroid, but more probably by affording them a larger 
amount of a necessary constituent of their secretion than is contained 
in ordinary food. 

Small quantities of iodine may be given internally to many persons 
without eliciting any symptoms except those which are clearly due to 
the local action. Repeated doses, however, sometimes cause symp- 
toms resembling those observed after iodides (lodism), although these 
have been much less often induced by iodine, which is comparatively 
seldom administered internally. Skin affeetiona seem to be extremely 
rare, but that a similar action on the skin may be induced by iodine 
and iodides, is shown by the application of iodine to the skin being 
often followed by eruptions, which are not confined to the point of 
application but spread over the skin and assume the form of diffuse 
erysipelatoid rashes, papules, or erythemata. Fevet' is said to occur 
occasionally, especially in goitrous patients, and a loss of flesh has been 
observed with shrinking in size of the thyroid gland and, it is said, of 
the mararnse and testicles. The pulse is often accelerated to a very 
conMderable extent, and in cases of goitre treated for some time by the 
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internal and local administration of iodine, a curious nervom eondiiion 
was often observed formerly. The patients became restless, anxious 
and irritable, and suffered from sleeplessness and often from tremor, 
which sometimes simulated chorea. All of these symptoms except the 
skin eruptions and the atrophy of the mamma and testis, the occurrence 
of which under iodine requires confirmation, are induced by large quanti- 
ties of thyroid extract also, and would seem to be due to the excessive 
production of iodothyrin. 

Irritation of the respiratory tract is seen less often after iodine than 
after the iodides, but oedema of the larynx has been observed, and in 
rare cases cough and the expectoration of a watery secretion tinged 
with blood. 

Anuria and albuminuria have occurred in a few instances. 

The symptoms induced by iodine after absorption thus resemble in 
general features those following the use of the iodides, but while the 
latter tend to cause irritation of the skin and respiratory tract, pre- 
sumably through liberating iodine here, the chief effects of iodine after 
absorption are due to its action on the thyroid gland, the effects on the 
skin and mucous membranes being less prominent. 

The effects of iodine on the Metabolism are still a matter of dis|)ute, 
some authors finding no alteration, while others state that tlie excretion 
of urea is increased. They probably differ in different individuals 
according to the condition of the thyroid gland. 

Injected into the veins of animals, iodine causes mdema of the lungs, 
which V. Zeissl considers to be due in part to changes in left ven- 
tricle, in part to contraction of the pulmonary arterioles. 

The muscles of the frog are thrown into a state of rigor by iodine in 
the same way as by the iodides. 

Some Cases of Poisoning from the injection of large quantities of 
iodine into cysts have been recorded. In Ro8e^s well-known case, the 
chief symptoms were thirst, constant vomiting, the vomited matter 
containing iodine, cyanosis and coldness of the skin, a small, weak 
pulse, anuria and skin eruptions after a few days ; and <leath occurred 
on the tenth day. In such cases of poisoning in man the mucous 
membrane of the stomach and intestine lias becai found swollen and 
loosened, and in animals fatty degeneration of the liver, heart and 
kidney has been described. 

Iodine is said to dissolve the red blood corpuscles when it is brought 
in contact with them outside the body, and to form a combination with 
hsemoglobin. 

Preparations. 

lodum (U. S. P., B. P.), iodine, a heavy, friable, bluish-black mass, with 
a characteristic odor and acrid taste, insoluble in water, soluble iti alcohol 
and in solutions of the iodides of the alkalies. Iodine itself is not used in 
therapeutics. The solutions are of a brown color. 

Tinotura lodi (U. S. P.), 7 per cent., 0. 1-0.4 c.c. (2-8 mins.). 

Tinctura lodi (B, P.), 2.} per cent., 2-5 mins. 

Liquor Jodi Compositus ”(U. S. P.), LugoPs Solution, contains 5 j)er cent, 
dissolved in 10 per cent, potassium iodide solution. 0.2-0.8 c.c. (8-12 mins.). 
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Unguentum Iodi {JJ, S. P., B. P.), 4 per cont« 

lAquor lodi Fortis (B. P,), Iodine Liniment, about 14 per cent. 

ISulphuria lodidum (U. S. P., B. P.) is a mixture of iodine and sulphur, 
part of which may be in chemical combination. It resembles iodine in its 
action on the skin. 

Unguentum Stilpkuria lodidi (B. P.). 

The compound solution of iodine is the preparation best fitted for internal 
use, although the tincture is also employed. Both should be given after 
meals and as far as possible diluted with demulcent preparations, in order 
to avoid irritation of the stomach. 

For injection into cysts or tumors the compound liquid is also the best 
preparation, as it is less irritant than the tincture. 

The tincture, ointment, the strong solution (B. P.) and the sulphur iodide 
preparation may be used for external application. 

Therapeutic Uses. — Iodine has been used internally in a variety of 
chronic conditions such as syphilis and goitre, and in tubercular dis- 
ease of the glands, bones and other organs, but it has been almost 
entirely superseded by the iodides, and in goitre by the thyroid prepara- 
tions. It was formerly applied in goitre by injection into the enlarged 
lobes of the gland, as well as being administered internally, and cer- 
tainly proved beneficial in many cases, though these are better treated 
now by the extracts of the gland. 

The internal use of iodine has undergone a revival quite recently, but in- 
stead of the older solutions, new preparations have been introduced such as 
the combinations with proteids (Eigon, lodolcn) or with fats (lodipin), and 
the organic compounds of tlie iodoform series. lodipin is decomposed by 
the pancreatic juice and iodides appear in the urine soon after this takes 
place. It has been used to indicate the activity of the gastric movements, 
as when these are abnormally slow the reaction in the urine appears later 
than in normal cases. 

Iodine has been applied locally by painting on the skin in a variety 
of chronic inflammatory processes, sucli as tubercular glands, pleuritic 
effusion, and tubercular or rheumatic joint disease. Its action here 
consists simply of a mild lasting irritation of the skin, which induces 
some congestion in the subcutaneous tissues and may thus aid in the 
absorption of exudates in them and may also influence the deeper lying 
tissues and organs in the same way as other irritants (see page 78 ). 
There is, however, nothing specific in its action, and it differs from the 
other skin irritants only in being milder in action and more enduring 
in its effects. It seems unlikely that the small quantity absorbed can 
have any appreciable action. Some benefit often follows from this 
use of iodine in chronic inflammations, but there is no question that it 
is very often applied where more active surgical measures are really 
required. 

Iodine has been very frequently injected into cysts in order to in- 
duce inflammation and adhesion of their walls, and thus to obliterate 
the cavity. Formerly ovarian cysts were very generally treated in 
this way, but a number of cases of poisoning arising from this treat- 
ment, and the progress of abdominal surgery have led to its being 
abandoned. Hydrocele is still very frequently treated with iodine in- 
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jection, and some cysts of the membranes of the spinal cord and brain 
are injected with It. It has been stated in this connection that these 
membranes react much less violently to iodine than the peritoneum 
and the lining membranes of the joints. Iodine has also been injected 
in dilute solution into the pleuritic cavity after the evacuation of 
empyema. 
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VII. IODOFORM. 

A number of iodine compounds liave l>een introduced into thera- 
peutics as applications to wounded surfaces. The most widely known 
of these is Iodoform (CFIIg), which corresponds in its ohcunical struc- 
ture to chloroform, and forms a yellow, crystalline, insoluble powder 
with an intensely disagreeable odor. It has Ixien used very exten- 
sively in surgery, and has given rise to poisoning in a number of cases. 

Symptoms. — The symptoms of iodoform intoxication in man gener- 
ally set in with anxiety, general depression and discomfort. The pa- 
tient becomes sleepless and restle.ss, complains of giddiness and head- 
ache and often of the taste and odor of iodof()rin in the moutli and 
nose. The pulse is generally greatly aeoeleratcul, and a rise of tem- 
perature is said to have occurred in some cases in which no septic 
poisoning could be found to account for it. "I'he depression deepens 
into true melancholia accompanied by hallucinations, the patient often 
suffering from the illusion of persecution, wliich may induce him to 
attempt suicide. As a general rule this melancholia is followed l)y 
attacks of violent delirium and mania, lasting for hours or days, and 
in fatal cases, by collapse and death. In other eases the condition has 
pa.ssed into permanent insanity and dementia. A rarer result of the 
absorption of iodoform is deep .sleep passing into stupor and collapse 
without any .symptoms of cerebral excitement. 

In milder ca.ses of poisoning the patient .suffers oidy from the un- 
pleasant taste and odor, from headache and not infre<juentJy from 
nausea and vomiting. 

In the dog and cat iodoform generally causes deep sleep and stupor, 
with lessened excitability of the .spinal cord and of the motor areas of 
the brain. In the frog it paralyzes the central nervous system and the 
heart without eliciting any symptoms of excitement. No narco-sis is 
observed in the rabbit even after fatal doses. 

The symptoms most characteristic of iodoform i)oi8oning — tho.se of 
delirium and mania — are evidently due to cerebral disturbance, but 
nothing is known as to the nature of tlic changes in the brain. No 
other poison elicits the.se symptoms in the same intensity and of equal 
duratiouj, and no similar effects have been met with in animals, 
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Acceleration of the heart has been noted in many cases of poisoning. 
After prolonged administration albuminuria is often observed in ani- 
mals, and the thyroid secretion has been found to be increased to a 
very considerable extent by iodoform, as by other bodies which free 
iodine in the tissues. 

After fatal iodoform poisoning in man and animals, the liver, kidney, 
heart and muscles are generally found to have undergone fatty degen- 
eration, In addition, irritation of the gastric and intestinal mucous 
membrane has been observed, and the epithelial cells are often degen- 
erated. Eechymoses occur beneath the endocardium, in the kidney 
and elsewhere, and congestion of the meninges is described. 

Absorption and Excretion. — Iodoform is , readily decomposed in the 
presence of alkaline fluids and in proteid solutions, and some decom- 
position undoubtedly takes place in wounds ; the iodine liberated 
combines with the alkalies of the fluids to form iodides, for these have 
been shown to be present, and iodalbuminates are presumably formed in 
the same way as by free iodine. Some of the iodoform, however, is 
absorbed unchanged, for the nervous symptoms are not produced by 
iodine or iodides. After iodoform absorption, iodine has been shown 
to be present in the saliva, perspiration and bronchial secretion, as 
after the ingestion of iodine or iodides ; but it is chiefly excreted in 
the urine in the form of iodides. The tissues apparently retain it very 
tenaciously, for iodides have been found in the urine for more than a 
month after the administration of iodoform. 

In considering the symptoms of iodoform intoxication, it must be 
recognized, therefore, that a very complex condition is present. Some 
iodoform circulates in tlie blood apparently unchanged and gives rise 
to the cerebral symptoms. Other symptoms are due to the presence 
of iodine and iodides, perhaps the former chiefly, in the blood and tis- 
sues, for Rumrno observed in dogs the excessive secretion from the 
eyes, nose and bronchi, which is chamcteristic of iodism. Lastly, 
the acceleration of the heart and some other symptoms may be due to 
abnormal activity of the thyroid secretory cells. 

Poisoning with iodoform is much more liable to occur in adults than 
in children. Serious symptoms, especially mental symptor^is, are often 
developed only after somewhat prolonged administration, but in renal 
disease the iodoform products are excreted more slowly than usual, and 
are liable to accumulate in the tissues, so that it is to be used with 
caution. 

Iodoform has no marked Local Action on the skin or mucous mem- 
branes. When applied to wounded surfaces it sometimes causes some 
irritation in the neighborhooti and even exanthemata, but these are rare, 
and appear to occur only in persons predisposed to cutaneous disease. 
It seems to have some anaesthetic action, when applied in large quantity 
to wounded surfaces. Iodoform was at first applied to wounds in the 
belief that its Antiseptic properties were equal to or even exceeded 
those of carbolic acid. It has been shown, however, that it possesses 
little oi* no influence on the cultures of most of the pathogenic mi-^ 
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crobes, for the spores often develop as rapidly after having been sub- 
jected to iodoform as in the control cultures. It has therefore been 
suggested that while iodoform in itself possesses no antiseptic virtues, 
the iodine formed from it in the wound may retard the growth of sep- 
tic germs. And in regard to this point bacteriologists are not agreed, 
for while several investigations tend to show that microbes drawn fmm 
wounds under iodoform treatment are not retarded or weakened in their 
development, other experiments indicate that the virulence of sortie • 
germs is reduced. Some of the advocates of the iodoform treatment 
therefore ascribe its results to this slight antiseptic action of the iodine, 
while others suppose that it diminishes the secretion of the wounded 
surface and thus affords a less suitoble medium for the gmwth of the 
germs ; in this relation it may be mentioned that Binz found tlie emi- 
gration of the leucocytes from the blood vessels hindered by the local 
application of iodoform. Finally iodoform may retard the growth of 
microbes to some extent by forming a (jrust over the Avounded surface, 
and mechanically preventing them from ])enetrating to it. 

The intensely disagreeable odor of iodoform and the considerable 
number of cases of poisoning noted under its use have led to the intro- 
duction of numerous substitutes in the last ton years. Some of these 
have been shown to be practically worthless and have been discarded, , 
while the greater number are apparently used more or less widely, but 
accurate data as to their value cannot be obtained. None of them seem 
to be very poisonous, and in most of them the iodine of the molecule 
is not liberated in the wound or tissues. It is of courac imi)ossil)le to 
state liow far they are capable of replacing iodoform, as long as their 
exact action in wounds is unknown. 

The first of these substitutes was iodol or tetraiodpyrrol which 

has no odor or taste, is insoluble in water, but is ab.s<)rbed from mucous sur- 
faces and from wounds. It is decomposed in the tissues, and leads to the 
excretion of iodides in the urine, and in very largo <loses gives rise to symp- 
toms in animals resembling those produced by iodoform. The iodine of 
iodol is apparently less easily split off the molecule than that of iodoform, 
and it seems on the whole less liable to produce j)oisoiiing, but has been less 
used of late years than some of its rivals. Among the best known of these 
are aristol or dithymol-di iodide and tho Hozoiodolaten of 

potassium, sodium, mercury and zinc. Sozoiodolic acid is phenol-sulphonie. 
acid in which two atoms of hydrogen have been substituted l)y two atoms of 
iodine (CgH^IallOSOpH). Iodine compoumls of ]>h(m()l-i)lithalein are known 
by the trade names of m)sophen, antinomy and cudoxine. Triiod(»cresoI is 
known as loHophan^ while europhm is a more complex combination of crcsol 
and iodine ; lorctin and vioform arc d<!rivativcs of (piinolinc (umiaining 
iodine. (8ee also under Bismuth and Alum. ) These lahu* “ substitutes ’ ^ for 
Iodoform differ entirely fiom it and from iodol in the lact that iodine is not 
liberated by the tissues ; that they pass through th(? body uncJianged, as far 
as the iodine is concerned, and that they arc said to be entirely devoid of 
poisonous effects, and in fact of any a<ition, save as local antiseptics. Their 
value as antiseptics can only be determined by further trial. They are 
almost all phenol derivatives,* and any virtues they possess may prove to be 
due to this fact mainly, and not to their containing iodine, 
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Prepabations. 

lodoformum (U. S. P., B. P.), iodoform (CHIg), forms small, lemon-colored 
crystals, possessing a very penetrating, persistent and disagreeable odor and 
taste, practically insoluble in water, soluble in alcohol, ether, fixed oils, 
glycerin, etc. 0.03-r0.2 G. (J-3 grs.), in pills or capsules. 

Suppo8itoria lodoformi (B. P.), each containing 3 grs. of iodoform. 

Ungtjentum Iodofoemi (U. S. P., B. P.), contains 10 per cent, iodoform. 

lodohmi (U. S. P.), NH, a light grayish-brown crysUlline powder, taste- 
less, odorless, insoluble in water. Bose, 0.25 G. (4 grs.). 

Thymolis lodidum (TJ. S. P.), Aristol ((CgHj,* CHg* 01 ) 2 ) a yellowish- 
brown powder resembling iodol in its properties. 

The Sozoiodolate of potassium is slightly soluble in water, the sodium and zinc 
salts more soluble. Mercury forms an insoluble salt which may be dissolved by 
the addition of sodium chloride. 

Therapeutic Uses. — Iodoform has been used to a very limited extent 
internally in the treatment of syphilis, and as an intestinal disinfectant. 
It is chiefly employed in surgical treatment as an application to wounds, 
skin diseases and burns. In granulating surfaces with a profuse secre- 
tion, and in slowly healing abscess cavities, it seems to be especially 
valuable. It may be applied as a dusting powder, as an ointment, or 
in gauze or bandages saturated with it. It has been shown that it 
has very weak antiseptic properties, and many surgeons take the 
precaution of disinfecting the powder before applying it, and use it 
for its eflect on the tissues of the wound and not for its effects on the 
germs. Applied in ordinary quantity to small surfaces it seems to 
be a perfectly safe remedy, cases of poisoning occurring only when 
large cavities are plugged with it, or when it is applied to very large 
absorbent surfaces. Many attempts have been made to disguise its 
disagreeable odor, but have been attended with only moderate success. 
Among the best of the many perfumes suggested for this purpose is 
cumariu, which is contained in large quantity in the Tonka bean. 

Iodoform has been credited with some specific action in tubercular 
disease, but has proved almost inert towards the bacillus. The favor- 
able results in the local treatment of tubercular abscesses, laryngeal 
ulcers and similar conditions may with greater probability be attributed 
to its action on the granulation tissue. In syphilitic ulcers and chan- 
cres, iodoform has been used very largely and with good effects. 

Iodol may be used as a substitute for iodoform, and is applied in 
the same way. The sozoiodolates are used as powders or ointments, 
or in the case of the sodium, zinc, and mercury salts, in solution. The 
last is poisonous, and is comparable to corrosive sublimate in its effects. 
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vin. PLuoRmES. 

The fluorides present many points of diflerence from the other halogen 
gaits in their chemical reactions and also in their eflects in the organism. 

The fluoride of sodium, which alone has been exaiiiincd, possesses a power- 
fully irritant local action, which is seen most clearly when it is applied to 
the mucous membranes of the eye or of the alimentary tract. In the for- 
mer it causes congestion and inflammation of the conjunctiva and opacity 
of the cornea, when it is applied in a two per cent, solution for some time. 
Small quantities induce irritation of the stomach, nausea and vomiting, and 
the prolonged administration leads to irritation of tlie intestines and diar- 
rhoea ; solutions of the fluorides are absorbed with great dillicailty by the in- 
testinal epithelium. When injected subcutaneously fluorides often induce 
inflammation and suppuration with necrosis. 

In frogs small doses induce prolonged librillary contractions of the mus- 
cles throughout the body, which are due to a stimuhition of the terminations 
of the motor nerves. Larger doses paralyze the (icntral m^rvous system and 
eventually the motor terminations, and even the nerve fibres. Tlie muscles 
lose their irritability and pass into very marked rigor, and the heart muscle 
is also paralyzed by large quantities. 

In mammals the first symptoms are increased secretion of saliva and 
tears, acceleration and deepening of the respiration, followed by a condition 
of weakness and somnolence, Strong fibrillary tremor of the muscles tlien 
sets in with occasional stronger twitches, whicli eventually pass into atta(*ks 
of general convulsions. In the intervals between the convulsions tlie animal 
lies in a state of profound coma. The respiration is finally arrested during 
an attack of convulsions, tlie heart continuing to b(‘at iVvr som(‘- time longer. 

Tappeiiier found a very marked fall of blood-pi-essure produced by .sodium 
fluoride, aud attributed it to depression of tlie vaso-motoJ* centre. It may 
in part account for the stupor, but this indirect aclion is in all probability 
strengthened by a direct depression of the higher nervous centrets. The 
convulsions are central in origin, while the cause of the fibrillary contrac- 
tions in mammals is unknown. The respiratory centre seems to lie first 
stimulated and then paralyzed. Muscles, nerves and other excised tissuiis 
die much sooner in solutions of sodium fluoride than in eoiTt*spoiiding on<‘.s 
of the chloride, iodide or bromide, so that tlie fiuoride ion must lie aHsign(‘d 
a position quite distinct from the other halogen ions in the senile of toxi(jity. 

The fluorides absorbed from the aliineiitary <^anal are (vxtu'tded by the 
urine, but this takes place very slowly, and mueli of the fluoride isstorcMl up 
in the body, some in the liver and skin, but most in tin? bomjs in the form 
of calcium fluoride. Crystals of this very in.soluhle salt are found in masses 
in the Haversian canals, and increase the hardiHiss and brittleness of the 
bones. 

The prolonged administration of fluorides to animals has been found to 
cause weakness, loss of flesh, and irritation and uleeration of the gums. 

The fluoride of sodium has considerable antiseptic power, jiutrefaction be- 
ing delayed by the addition of one part to 500 of fluid, and one in 200 ar- 
resting completely the growth of bacteria. It has been used to a very limited 
extent as a surgical antiseptic. 

Hydrofluoric acid is an exceedingly powerful caustic, destroying the 
raucous membranes wherever it comes in contact with them. It has been 
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observed that workers in certain departments of glass factories, in which the 
atmosphere contains a small amount of this acid, are very seldom attacked 
by tuberculosis, and an attempt- has been made to treat pulmonary phthisis 
by the inhalation of very dilute vapors. The results have not been success- 
ful, although there is no question that hydrofluoric acid is a powerful ger- 
micide. 

Sodium fluorosilicate (SiFlNa^) has also been used as an antiseptic in so- 
lution. It has been found to cause nausea, eructation and slowness of the 
pulse when swallowed. 
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IX. CHLORATES. 

The chlorate of potassium, introduced into therapeutics on the erro- 
neous theory that it would supply oxygen to the tissues, has been used 
very extensively for its effects in certain diseases of the mouth. It 
was supposed to be entirely devoid of poisonous properties, but was 
shown i)y Jacobi to give rise to very grave and even fatal symptoms 
in some instances. In such cases the symptoms are due partly to 
the salt-action, but chiefly to the specific effects of the chlorate ion. 
The chlorate of sodium induces these chlorate symptoms, and the 
chlorate of ammonium is said to be the most poisonous of the three. 
It would seem that the conditions which determine their appearance 
are not universally present, for very often large quantities have been 
taken with impunity, Avhile in other individuals much smaller quanti- 
ties have induced grave poisoning. 

Symptoms. — The chlorates have a cool, saline taste, which persists 
for a long time owing to their being excreted in part in the saliva. 
Concentrated solutions may cause nausea and vomiting from their local 
salt-action in the stomach, and their absorption is often followed by 
considerable diuresis from a similar action in the kidney. In the 
great majority of cases no further effects are observed. 

In some individuals, however, symptoms arise from the chlorate 
action quite apart from those mentioned above, which may be induced 
by cliloride of sodium or, in fact, by any other diffusible salt. (See 
Salt-action, page 486.) These chlorate symptoms may be divided into 
those of acute and of subacute poisoning, the first arising generally from 
the administration of a single large dose, the second from smaller 
quantities taken repeatedly. In Acute Ohlorate ' Poisoning the first 
symptom is often prolonged and violent vomiting, with pain in the 
stomach region ; diarrhoea and a dark cyanotic color of the skin and 
mucous membranes follow, tlie respiration is at dyspnocic and then 
lyeak; the putee quick and feeble, sometimes irregular. The patient 
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complains of headache, giddiness and muscular weakness, is restless, and 
eventually becomes comatose before death. 

In Subacute Poisoning, vomiting and^ diarrhoea are also observed, 
and the vomited matter often contains large quantities of bile, less 
often blood. There may be complete anuria tor some time, or the 
urine is scanty and at first dark colored, then deep reddish-brown ; 
it contains hsemoglobin, methfemoglobin, and hiematln in solution. 
On standing, it deposits oasts of brown amorphous particles, which arise 
from the destruction of the red cells of the blood, and chlorates are 
contained in it in considerable quantity. The metinemoglobin may 
disappear from the urine after one or two days, but the casts re- 
main longer. The skin is often icteric in color, and in some cases 
erythematous eruptions have been observed. Headache, muscular weak- 
ness and abdominal pain are complained of, and urieinic symptoms may 
arise — delirium and convulsions, or confusion and coma. Death has 
followed from these last as late as a week after the first symptoms of 
poisoning were observed, but in several cases complete recovery has 
followed even the gravest symptoms. 

Action. — The cause of the symptoms in acute and subacute chlorate 
poisoning is, apart from tlie salt-action, a specific effect which the 
chlorates have on the Red Blood Cells and particularly on the Hsdmoglo- 
bin. This is seen especially well when blood is added to a chlorate 
solution outside the body, for in the course of a short time the blood 
assumes a dark chocolate brown color, and spectroscopic examination 
reveals the absorption bands of methicmoglobin and offon of hiematin. 
Afler a time the red blood cells tend to break up, and the metluemoglo- 
bin is freed in the serum. If large quantities of chlorate be added, 
the blood becomes quite black in color, and assumes a gelatinous con- 
sistency. This action of chlorates on the Idood arises Irom their oxi- 
dizing properties, for other oxidizing agcints have the same effects ; 
the exposure of luemoglobin to such bodies leads to the lorination of 
methsemoglobin, while red blood cells are destroytfd and the htemo- 
globin is liberatetl in the plasma. But wliile the formation of metb<»- 
moglobin and the lacrnoly.sis arc both referable to oxidatj(jn, the two 
prcKjesses seem to proceed independently of each other, tor some oxi- 
dizing agents induce marked laeinolysis with little metlaenioglobin, 
while in others the latter feature is the predominating one. 

When this transformation of the hicmoglobin takes place in ves- 
sels, the blood is unable to supply the tissues with oxygen, lieeaiuse in 
methsemoglobin the oxygen is attached much more firmly than in oxy- 
luemoglobin, and the tissues arc incapable of availing themselves of it. 
If much of the hsernoglobin is thus rendered useless, asphyxia results, 
and this is unquestionably, the chief cause of the symptoms and of the 
fatal issue in the most acute form of inbjxication. If a smaller amount 
of meth®moglobia is formed, it disappears gradually, either by being 
slowly reformed to liaBinoglobin, or by the corpascles containing it 
beino* withdrawn from the circulation and broken up. When a con- 
^idemble amount of haemoglobin is transformed, but sufficient remains; 
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to continue the respiration of the tissues, the subacute form of poison- 
ing results. The blood cells break up and the haemoglobin, methaemo- 
globin and the debris of the corpuscles thus freed in the plasma are 
in part excreted by the urine, in part deposited in the spleen, liver, 
and bone marrow. As in other conditions of excessive destruction of 
the red blood cells, the bile pigment is increased in amount, and its 
absorption from the bile capillaries induces jaundice. The excretion 
of the products of the destruction of the red blood corpuscles in the 
urine leads to the renal tubules becoming stopped up with brown 
granular masses, which are in part forced downwards and appear in 
the urine as casts, but which may lead to an almost complete suppres- 
sion of urine and to symptoms of urjemic poisoning. In those cases in 
which death follows several days after the first symptoms, it seems due 
not to the direct action of the poison, but to the renal changes. Often 
no actujil nepliritis is present, but in some cases the epithelial cells 
seem to be inflamed, probably as a secondary result of the plugging 
of the tubules. The deposition of the d6bris in the liver and spleen 
often causes enlargement of these organs. In these subacute cases of 
poisoning, then, death is not due directly to the mcthajmoglobin for- 
mation, but to the breaking down of the red cells. 

The post-mortem appearances in chlorate poisoning vary with the 
form. In acute poisoning the characteristic color of the blood, and 
the methjemoglobin absorption band in the spectrum are often the only 
distinct appearances. In less acute cases, the d6bris of the red cor- 
puscles is found in the liver, spleen, bone-marrow and renal tubules, 
while no methmmoglobin may be detected. Some of the red blood 
corpuscles are found misshapen, however, others are colorless (shadows), 
and in some the pigment is formed in masses, instead of being gener- 
ally diffused. Some swelling and ecchymoses of the gastric and in- 
testinal mucous membrane have been observed. 

It has been recently stated that some of the symptoms of chlorate 
poisoning are due to infarcts formed in the smaller vessels from the 
agglutination of the remains of the red-blood cells, and Silbermann 
has even failed to inject some parts of the body owing to this plugging 
of the arteries. This statement has been denied, however, by Mar- 
chand and Falkenberg, who could find no evidence of such infarction. 

The hajmoglobin of most animals seems equally easily transformed 
to mctluemoglobin by chlorates when it is dissolved in water, but the 
blood corpuscles of the rabbit and guinea-pig resist their action much 
more than do those of the dog and of man. Rabbits therefore very 
rarely show any symptoms of true chlorate action, and die of the 
potassium or of the salt-action, while dogs and cats exhibit symptoms 
very like those seen in man. The cause of this immunity of the 
rabbit’s corpuscles is unknown, but may perhaps be explained by their 
being impermeable by the chlorate salts. It has been found that when 
the rabbit’s blood is concentrated, or when bile is present in quantity 
in it, the chlorate action may be elicited much more readily than in 
normal animals. 
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The nervous symptoms in chlomte poisoning ai*o Uianitestly due to 
the blood changes and the uraemia for the most part, though there is 
reason to believe that under some conditions the brain is also directly 
affected. The heart is said to be first slowed and then accelerated by 
the intravenous injection of sodium chlorate. The vomiting docs not 
seem to be due to local action only, for it is seen in animals in which 
the salt is injected subcutaneously. 

A^ery little chlorate is reduced in the blood and tissues, for 90-95 
per cent, of the amount administered has been recovered from tlie 
urine. Small quantities appear also in the saliva and in other secre- 
tions, such as the perspiration, milk, tears, and nasal mucus, and some 
has been found to pass from the mother to the fmtns in utero. 

The chlorates are hardly more antiseptic than other indifferent 
salts. 

The Bromates and Icdates have been much more seldojn the subject of in- 
vestigation than the chlorates, and are not used in thera]Kmtics. The iodates arc 
more poisonous than the bromates and these again than the chlorates ; the iodalea 
destroy the red cells more rapidly but form less methiemoglobiu than the chlo- 
rates in test-tube experiments. lodates induce fatty degcuoration of the liver, ami 
congestion and extravasation in the alimciitiiry tract. It is not unlikely that 
some iodide is formed from them in the body. 

The action of the Perchlorates has been tjxainined by Ilerry and Host. 
In the frog the perchlorate of sodium (NaClO^) induces lil)rillary tAvit.(*Juiig 
and clonic contractions of the muscles ; the contraction of the muscle is pro- 
longed in the same way as by veratrine, and rigor eventually follows as in 
ealfeiue poisoning. The reflex excitability is increased, and the heart is slow 
and irregular. The effects of the penddoratc on mammals dillcr consi<ler- 
ably in different species ; in the rat, mouse and gnin(*a-i)ig tlu) reflex excdla- 
bility is enormously increased and tetanic convulsions may arise from this 
action ; in the cat a certain stiffness, miisenlar i>aresis and tremor can be 
made out after the injection of large <|uantitieH of j»erchlorate, hut these 
animals as well as the ral)bit and dog are not killcHl by even very largo 
quantities. 

Preparations. 

POTASSII Chlokas (U. S. P., B. P.) (K(.^10,), 0.8-1 G. (5-15 grs.). 

Trochisci Potassii Citlokatjs (U. S. P.) contain 0.8 G. (5 grs.) cdilorato 
of potassium in each lozenge. 

Trochiscus Potassii 0}n.ORATis (B. P.) contains 8 grs. in each. 

Sodii Chloras (U. S. P.) (NaClO^), 0.5-2 G. (10-80 grs.). 

The chlorates are colorless pri.smatic (jrystals with a saline taste, and ar(» 
given in solution or in lozenges when used internally. Tlie <lry salts form 
explosive mixtures with organic or other reducing substances, ami such 
mixturcis are therefore to be kcy)t cool, and ought not to be ground tog(^tlier, 
as heat and pressure are liable to cause explosions. 

Therapeutic Uses. — The chlorate of potassium is used chiefly as a 
mouth wash and gargle in irritable conditions of tlie mouth and throat, 
such as aplithe, and in the tendcrnc.ss and ulceration of the gums and 
mouth induced by the prolonged use of inereury. It may also be 
given as a ])rophylactic to prevent stomatitis when mercury is being 
prescribed, but it does not prevent the salivation. In catarrh of the 
throat the chlorate of potassium is often ii.sed with apparently good 
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effects. It has been strongly advised in diphtheria, but is of only 
questionable value here. 

The chlorate of potassium is more frequently prescribed than the 
sodium salt, but the latter seems equally efficient. The chlorates are 
used in 2-4 per cent, solution, or the official lozenge may be prescribed. 
In children a somewhat stronger solution with syrup or honey may be 
used to brush out the mouth, but care should be taken that none is 
swallowed. The local action of the chlorates has not been explained, 
and it may be due to the salt-action in part, though not wholly. It has 
been suggested that they are oxidizing disinfectants, but there is no 
reason to suppose that they are changed here any more than in the tis- 
sues in general. It is not impossible that equally satisfactory results 
might be obtained by the use of the chlorides or nitrates. Chlorate of 
potassium has been given internally in cases of diphtheria and in some 
diseases of the mouth, but it does not seem to have any therapeutic 
value unless when applied locally. Some benefit may arise from its 
contact with the mouth and throat in the process of swallowing and 
from its excretion in the saliva. In addition the internal administra- 
tion of the chlorate is liable to induce dangerous poisoning. It is un- 
necessary to discuss the earlier uses of the chlorate, which were based 
on the theory that it gave up its oxygen to the blood, for both theory 
and practice have been shown to be erroneous. 

Poisoning. — The fatal dose of chlorate varies extremely, as little as 
1 G. (15 grs.) having proved fatal in a child, while 40-50 G. (10-12 
drs.) have been swallowed by adults without marked symptoms. There 
is no question that the red blood cells are often peculiarly susceptible 
to the action of the chlorates; poisoning is especially common in 
nephritis. In cases of poisoning the stomach should be evacuated, if 
any of the salt is believed to remain in it, but the symptoms often 
appear only 2-3 hours or longer after the drug has been taken. 
General treatment with central nervous stimulants, ice for the vomit- 
ing, etc., may be carried out. The formation of methaemoglobin is less 
liable to occur when the blood is more alkaline than usual, and this has 
led to the administration of the alkaline carbonates in these cases. 
After the acute symptoms pass off diuretics are often advised, and large 
quantities of fluid arc given in order to flush out the kidneys and pre- 
vent as far as possible the tubules from being stopped up by detritus. 
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X. NITRATES. 

The nitrates are generally suppo.sed to have little action except that 
of salts in general, and have been comparatively seldom the subject of 
pharmacological examination. In small doses they induce changes 
very similar to those seen after the chlorides, but there is little doubt 
that in addition to the salt-action, a distinct nitrate-ion eflcct exists, 
and is manifested chiefly in irritatitMi of the mucous membranes which 
are exposed to it. 

Symptoms. — Tlie nitrates have a cool, saline taste, and in small 
doses induce no symptoms save an augmented flow of urine. Large 
quantities, however, cause gastro-intestinal irritation, giving rise to 
pain in the stomach region, nausea, vomiting and sometimes diarrhma, 
and blood may be present in the vomited matter and in the stools. 
The urine is often abundant, but may be scanty or entirely suppressed. 
These symptoms may be followed by great muscular weakness, apathy, 
collapse and eventually coma and death. 

At the autopsy the stomach and intestines are found red and con- 
gested, and very often contain blood extravasations. The kidney is 
said to have presented the symptoms of aeuto nephritis and hiemor- 
rhages in some cases of ])oisoniug. 

When dilute solutions of the nitrates are used, much less irritation 
is induced, and In fact large quantities may be taken thu.s without 
causing any symptoms whatever except diuresis. 

Action. — Very similar effects may be induced by large quantities of 
common salt, or of [lotassium chloride, and it is therefore often stated 
that the nitrates act in the same way as the chlorides. But this is not 
entirely correct, for while there is no question that the salt-action ex- 
plains much of the effect of the nitrat(*s, these salts have a specific 
irritant action. Thu.s very much .smaller (juantities of the nitrates 
than of the chlorides arc sufficjiciit to induce serious irritation, and 
solutions of the nitrates isotonic^ with tlH3 l)lood iuducjc. irritation and 
congestion in the intestine and are slowly absorbed. This irritant 
effect of the nitrates has been explained l>y Binz and Barth as the 
re.sult of the reduction of the nitrates to nitrites in the alimen- 
tary canal and tissues, but no .symptoms of nitrite action seem 
to have been observed in cases of j)oi.soning with nitrates. Haldane 
has recently shown that nitrite is formed from the nitrate used in 
the preservation of meat by salting, and that some nitrous-oxide 
haemoglobin is formed and gives a bright red color to the meat. 
The presence of this pigment may perhaps explain the red color of 
the intestine in some cases of poisoning in whicli extravasations of 
blood are not marked. 
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The nitrates have long been used as diuretics, more especially the 
nitrate of potassium. The diuresis is generally attributed to the salt- 
action, but there may be in addition a true stimulation of the kidney 
similar to that observed under the action of many other drugs which 
are irritant to the bowel. If WeyPs statement be correct that the 
nitrates of the urine are not increased by the administration of nitrates 
by the mouth, the diuresis must be due to some stimulant action only. 
The nitrate of potassium is generally considered a better diuretic than 
the sodium salt. 

The Pate of the Nitrates in the Body is still unknown, and in fact 
seems to vary in different animals and under different conditions. In 
man and in most animals, some nitrate is present in the urine normally, 
apparently derived from vegetable food, although it may in some cases 
be one of the final products of the proteid metabolism. Large doses 
of nitrates given by the mouth lead to some increase in the nitrate in 
the urine, although more than half of that ingested disappears entirely 
in the tissues. Nitrite has also been found in the urine after large 
quantities of nitrates in animals and the nitrite reaction is obtained from 
a number of organs. When smaller amounts of nitrate are swallowed 
(1-8 G. in man), no increase in the nitrate of the urine is observed, 
the whole of that ingested being changed to some other form in the 
tissues. It is suimised that the nitrate is reduced first to the nitrite, 
and then to ammonia, or that it is eventually excreted by the lungs as 
free nitrogen. Some of the nitrate seems to be excreted in the saliva 
and perspiration, possibly unchanged, although it is rapidly reduced to 
nitrite in these stjcretions, and may in fiict be changed to this form in 
the secretory cells. 

The action of the nitrates on the individual organs is practically 
entirely unknown. They have a weak luemolytic effect in the 
blood. 

liicliet has found solutions of the nitrate of sodium less harmful to 
fish living in it than those of any other salt except the chloride. 

Preparations. 

Potmii Nilra^ (TJ. S. P., B. P.), Nitre, Saltpetre (KNO^), 0.3-2 G. (5-30 

giu). 

Sodd Nitrois (U. S. P.), Chili Saltpetre (NaNOj,), 0.3-2 G. (5-30 grs.). 

The nitrates form colorless crystals with a cool, saline taste. They are 
very soluble in water and arc prescribed in dilute solution. 

Therapeutic Uses. — The nitrates arc seldom used now except as in- 
gredients of diuretic mixtures ; e. ^., along Avith digitalis. The nitrate 
of potassium was formerly employed largely in fevers and in various 
disorders of the metabolism, such as rheumatism or gout, but in none of 
these has it been found useful. The nitrates are to be given with care 
when there is any irritation of the stomacli and intestine. Authorities 
differ as to whether they may be prescribed in irritation of the kidney, 
but in every case they ought to be well diluted. 
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Pai>er impregnated with saltpetre is used in asthma by burning it in 
the sick room, when the pyridine and nitrites relieve the spasms 
by relaxing the bronchial muscles. Saltpetre may be ustnl in cigars or 
cigarettes for the same purpose, and the tobacco may conhiin also the 
leaves of belladonna or some of its allies, as these laive a sjiecial action 
on the bronchial muscle. 
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XI. SULPHITES. 

The sulphites, an unimportant group of bodies from a therapeutic point 
of view, have been shown to have a more poi.sonou8 action ihau many h4d4er 
known salts. They possess fairly strong antiseptic proj)ertit^s, hetmise they 
withdraw oxygen from organic matter in order to oxidi/e themsedves to sul- 
phates. Injected into frogs, sulphite of soda causes great muscular weak- 
ness and depression, and eventually paralysis of the central nervous system, 
beginning in the brain and descendit^ig to the spinal cord. Later, the lu^art 
becomes weak and ceases hi diastole, and the peripheral mnwe terminations 
and the muscles are i)aralyzed. In mammals the action is excrtiul chietly 
on the medulla oblongata and the heart. In the dog and cat Bulxaitaneous 
injection causes nausea, vomiting, restlessnesss and dys})n<m and gnwit 
muscular weakness, ending in arrest of the respiration, and a little later of 
tho heart. In the rabbit the symptoms cou-sist of dyspinea, muscular weak- 
ness without loss of spontaneous movements, and finally deatli from failure 
of the respiration and the heart. 

Much larger quantities are required to poison animals when given by the 
mouth than when injected subcutaneously, probably bocan.se the salt is 
slowly absorbed from tho alimentary tract, and also because some of it is 
changed to the harmless sulphate before it reaches the l)lood. Some irri- 
tation of the stomach is caused from the sulphurous acid being freed by the 
gastric juice, and this induces vomiting in the dog. 

Intravenous injection shows that the chief seat of action of the sulphites is 
the medulla oblongata, in iviiich they depress tho respiratory an<l vasomotor 
centre?. The heart is acted on directly apparently, for tlie pulse is slow, 
and the muscular walls of the vessels are also weakened, Kionka states 
that sulphites destroy the red cells of the blood, and that infarcts are formed 
from their remains in tho vessels and lead to hmmorrhages in many organs. 

If large quantities he absorbed rapidly, they prove immediately fatal, but 
if the respiration be kept up for a short time, rcxiovery may follow, because 
the poisonous sulphite is changed to the harmless sulphate and excreted. 
About 96 per cent, of the sulphite absorbed into the blood is oxidized to the 
sulphate, while .some 3 per cent, is excreted in the urine unchanged. The 
thiosulphate is apparently oxidized with greater difliculty, for Walko found 
30-50 per cent, eliminated by the kidneys unaltered. 

Large doses of suli)hitcs have been taken by man without symptoms of 
poisoning being induced. Even 30-40 gins, are said to have been swallowed, 
but in most preparations of sulphite a large proportion of sulphate is pres- 
ent, and it is impossible to state how much sulphite was really contained in 
34 
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these doses. Symptoms of gastric and intestinal irritation have been in- 
duced by comparatively small quantities, and Kionka found that even smaller 
doses of sulphite administered daily to animals caused haemorrhages in dif- 
ferent organs, and accordingly condemns the use of sulphites to x>i'eserve 
meat, wines and vegetables ; in addition they seem to have little effect in 
preserving meat from putrefaction though they improve its appearance. 

Sodii Sulplm (U. S. P., B. P.) (NajSO,, 4- THgO), a soluble salt which oxi- 
dizes to the sulphate in the air, is feebly alkaline and has a cool, saline 
taste. 0.3-2 G. (5-30 gi*s.). 

Sodii JSimlphia (U. S. P.) (NaHSOJ has a disagreeable odor of sulphurous 
acid, an unpleasant taste and an acid reaction. 1-2 G. (15-30 gi’s.). 

Sodii Thiosulphas (U. S. P.) (Na^SgOs 4- 5H.p) is very* soluble, has a cool, 
saline taste and is neutral in reaction. 1-2 G. (1*5-30 grs.). 

Solutions of these salts have been used to a limited extent as antiseptic 
mouth-washes in aphthe, and have been prescribed in some forms of fermen- 
tation in the stomach. They were formerly reputed to be of benefit in cases 
of pyaemia from their, supposed action as antiseptics in the blood, but have 
never been shown to be of any real value. 
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XII. HYPOPHOSPHITES. 

The hypbphosphites have been used in therapeutics in the belief that they 
had some special influence on nutrition. They were formerly supposed to 
be oxidized in the tissues to the phosphates, but this has been shown to be 
incorrect, as practically the whole of the hypophosx)hitc administered can 
be recovered unchanged from the urine. No entirely satisfactory work on 
the effects of these salts on the nutrition has been done, but there is no 
ground to suppose that they have any further action than the other indif- 
ferent salts, such as the chlorides. The chief effect of the hypophosphite of 
iron is undoubtedly due to the metallic ion. 

Preparations. 

Sodii Hypopkosphis (NaOPH.O) (U. S. P., B. P.), 0.2-0.6.G. (3-10 grs.). 

Potassii Hypophosphis (KOPH^O) (U. S. P.), 0.2-0. 6 G. (8-10 grs.). 

Calcii Hypophosphis {Cfx(OPHfi),4 S. P., B. P.), 0.2-0. 6 G. (3-10 gi’s.). 

i'Vm Hypophosphis (Fe2(0PH20)g) (U. S. P.), 0.2-0.6G. (3-10 grs.). 

Acidum Hf/pophosphorosum (U. S. P.), 0.5 c.c. (8 mins.). 

Syrupus Hypophosphitum (U. S. P.) contains the hyphophosphites of cal- 
cium, potassium, sodium, free hypophosphorous acid, spirit of lemon and sugar, 
4-8 c.c. (1-2 fl. drs.). 

Syrupm Hypophosphitum Oomposifm (U. S. P.) contains, in addition to the 
constituents of the above, iron, manganese, quinine, strychnine, and sodium 
citrate. 8 c.c. (2 fl. drs.). 

Therapeutic Uses. — The hypophosphites are used in weakness and ca- 
chexia, and especially in commencing phthisis and ansemia. The syrup with 
or without iron is the form in which they are invariably prescribed. There 
is a popular belief that they improve digestion and nutrition, but most re- 
liable investigatoi’s deny that they have any other influence than the better 
known and cheaper salts of iron, calcium, etc. 
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XIIL SALINE CATHARTICS. 

Dilute solutions of such salts as the chlorides, iodides and bromides 
of the alkalies are absorbed rapidly from the alinieutsiry canal, but 
.sooie of the other salts of these metals apparently permeate the epi- 
thelium with greater difficulty, and their solutions therefore remain 
unabsorbed for a longer time in the intestine. Little is known of the 
effects of these salts in the tissues, but their action in the intestine 
has led to their thcra|)eutic use, and they may therefore be classed to- 
gether as the saline cathartics, in order to distinguisli them from tljc 
rapidly absorbed salts, such as the chlorides, or bromides. The chief 
salts of sodium and potassium which have this intestinal action are the 
sulphates, phosphates, tartrates and citrates ; less known ones are the 
malates and ferrocyanides. 

It is manifest that the peculiar eflect of these salts is due to the 
acid constituent, or anion, and not to tlui base or katior, lor the lattm* 
may be present in readily absorbable salts, such as elilori<l(\s. All 
combinations in which the sulphate, phosphate, etc., ion is found, 
therefore, are less 'easily absorbed than the corresponding ones with 
bromide or chloride ions. But these cathartic anions are only weakly 
active, and no pronounced difference can b(i observed in the action of 
chlorides and sulphates, unless the salt can be given in large cjuan ti- 
tles, as is possible in the case of the salts of the alkalies. The effects 
of the sulphate and hydrochloratc of morphine, for example, may be 
taken as identical, because the anion is present in so small amount as 
to be pnictically inert. 

The chloride ion is rapidly absorl)ed, as is seen in the case of sodium 
chloride. Yet when the chloride of raagnesiurn is administered, it 
disappears only very slowly from the bowel. It would seem, there- 
fore, that the magnesium is also more slowly absorbed tlian the sodium 
and potassium ions, and that cathartic action can be obhiined from 
either basic ions (katlons) or from acid ions (anions). When both 
ions of a salt are slowly absorbed, the cathartic is, of course, more po\V(jr- 
ful than when one is rapidly absorbed. Thus, magnesium sulphate is 
a more powerful purgative than either magnesium chloride or sodium 
sulphate, because in the first both ions are difficult of absor])tion, while 
in the others only one is cathartic. It seems probable that all the , 
alkaline earth ions resemble magnesium in j>ermeatiug the t?pithelium 
with difficulty. 

The chief saline cathartics used in therapeutics are the nulpluite of 
sodium (Glauber’s salt), the sulphate of mujneshwi (Epsom salt), the 
double tartrate of sodium and fiotassium (Rochelle salt) and the ci- 
trates of potassium and magnesium. In addition the oxide and mr- 
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bonate of magnedum have some purgative action from being formed 
into soluble salts in the stomach and intestine. But besides these 
many other salts are slowly absorbed and might therefore be used for 
this purpose.. Thus the sulphates, citrates, or tartrates, of any of the 
alkalies or of the non-poisonous alkaloids might be used for this purpose, 
provided they are soluble, and any of the magnesium salts might be 
used in the same way. 

Symptoms. — The external application of solutions of the saline 
cathartics has the same effect as that of any other indifferent salt, such 
as sodium chloride (see page 491). 

Most of the cathartics have a harsh, bitter, unpleasant taste, and 
when taken in concentrated solution, may induce some nausea, partly 
from the taste, and partly from their effect on the stomach, which is 
the same as that of solutions of sodium chloride of similar concentra- 
tion. Dilute solutions, however, provoke no such symptoms, but after 
one or two hours induce a profuse watery evacuation of the bowels. 
This is sometimes preceded by some pain and griping, but these are 
not nearly so frequent or so severe as after the vegetable purgatives. 
Not infrequently the urine is increased in amount afterwards, or it may 
be found to have an unusually high percentage of salts. If a moderate 
quantity of a dilute solution be given, only one evacuation folloAvs, but 
large doses of concentrated solutions induce repeated stools, which at 
first contain some fa3cal matter, but later consist mainly of bile-stained 
mucous fluid. 

Action: Intestine. — The explanation of the action of the saline 
cathartics has been much debated, and the details have not even yet 
been entirely settled. One point is, however, perfectly certain — the 
saline cathartics differ from the vegetable purgatives in not inducing 
irritation of the intestine, unless when they are given in very large 
quantities. The characteristic effect is not irritation, but retarded ab- 
sorption. If a solution of sodium chloride isotonic with the blood 
serum be administered by the mouth to a dog with a csBcal fistula, 
little or none of it reaches the wound, as it is all absorbed in the 
stomach and small intestine. If, on the other hand, an equal amount 
of an isotonic solution of sodium sulphate be administered in the 
same way, the most of the solution escapes by the fistula, only some 
10-20 per cent, having been absorbed by the stomach and small in- 
testine. In a normal dog or in the human subject, a much larger 
amount of fluid therefore reaches the large intestine if sodium sulphate 
be dissolved in it than if sodium chloride be used instead. The con- 
tents of the largo intestine are consequently more fluid than usual, and 
are passed down more easily towards the rectum. At the same time 
the weight and distention of the bowel induces increased peristalsis 
and the whole is evacuated. This increased peristalsis is due, how- 
ever, not to any irritant action such as has been found to be induced 
by rhubarb or croton oil, but to the large amount of fluid contents. 

If a weaker solution of sodium sulphate is administered, the only 
difference is that more of tlie fluid is absorbed and less reaches the 
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large intestine ; but however wetik the solution, more of it reaches the 
large intestine than if a correspondingly weak solution of common salt 
had been given. 

If a hypertonic solution be administered, the effect is somewhat 
different. The salt is still unabsorbed, but it draws fluid from the 
blood into the bowel from its having a higher osmotic pressure than 
the blood. A similar draining of the body fluids occurs when con- 
centrated solutions of common salt reach the bowel, but the cathartic 
salts are much more powerful, because they do not pass out of the bowel 
into the blood so easily. Instead of an exchange of salt and fluid 
being carried on by the blood and intestinal contents, the blood gives 
up its fluid without any sufficient compensation in salt. Eventually 
the intestinal fluid becomes isotonic, and then some absorption of both 
salt and fluid occurs; in fact, some salt has been absorbed all along, as 
the epithelium is not absolutely impermeable to the eatluirtics. But 
much less of the sulphate is absorbed than of the chloride given in 
equal concentration, ami as a genend rule a strong solutiou causes 
such an accumulation of fluid that the bowed becomes elistended and 
evacuates its contents. If, however, from any cause this lails to occur, 
a gradual absorption follows and the whole of the salt ami fluid in the 
bowel is absorbed. These salts may fail to purge, for example, when 
the blood and tissues contain very little fluid, as in animals which have 
been deprived of water for several days ])reviously. In this case the 
osmotic pressure in tlie l)owel is itnable to draw fluid from the concen- 
trated blood, which on the other hand has a higher attraction for the 
fluid ill the bowel than usual. Jkit where large (puintities of fluid arc 
present in the tissues, as in cedeiiia ami dropsy, the saline cathartics 
drain them through the blood into the bowel, ami very profuse evacu- 
ation occurs, with the disappeanuuM! of th<‘ exudate. 

There is still some doubt as to why the saline cathartics are so slowly 
absorb(Hl from tlu* intestines, but the most widely accepted vi(!W is that 
they fail to penetrate into the cell, exactly as the salts of the metals fail to 
penetrate the red blood cells, that there is a distinct affinity between the 
bowel epithelium and the clilorkh^ of sodium, but cmly a much weaker one 
between it and the eatluirtics, which therefore fail to iHaMueale it. The 
acceptance of this view does not involve the rejtjctioii ofllie belief that 
the cell is actively engaged in absorption, for it is difficult to (explain 
how a solution after penetrating the superficial layers of the epithelium 
is passed on from them to the blood except by assuming that the cxdl 
exercises some propelling force, which maybe ex(;rted only during itslife. 

The further question arises, why the intc^stinal epithelium sliould be 
permeable by certain salts such as the chloride of sodium and iirifK^r- 
meable by others (sulphate of sodium). In this relation it has been 
found by Hofmoister and Pauli that the purgative salts have a grtjjiter 
tendency to precipitate proteids and have less tendency to perimijibj into 
unorganized colloids than most of the non-purgsitive sjilts. In numer- 
ous other instances the sulpliates, tartrates, and otluir cjathartic anions 
have proved slower in j>ermeating into living cells than the chlorides 



534 INORGANIC SALTS, A0W8 AN1> 

and bromides, and their effects on the blood cells, muscle, nerve, and 
some other tissues show marked deviations from those of the halogen 
salts. It is impossible to determine at present how far the action of 
these anions is explained by their slow permeation and how far a more 
specific action is involved, but there can be no question that the former 
factor is the predominant one in many of these reactions. Another 
curious relation between the purgative anions is that their calcium 
salts are all very much less soluble than those of the salts which pene- 
trate the epithelium, but whether this is merely a coincidence or not is 
uncertain. Most of the cathartic anions are bivalent or trivalent, but 
this is not true for all of them, for tlie higher members of the acetate 
series are absorbed with the greatest difficulty by the intestine. 

The saline cathartics induce certain changes in the Blood indirectly 
through their action on the intestine. They prevent the absorption of 
the fluid of the food, or, if in sufficient concentration, actually draw 
fluid from the blood and tissues into the bowel, and under both condi- 
tions the blood becomes more concentrated than usual ; in the first 
case because it is not reinforced by the usual amount of fluid from the 
food, in the second because it actually loses fluid into the intestine. 
This concentration of the blood leads to a sensation of thirst, and to a 
lessened excretion of fluid by the kidneys and other glands. 

A certiiin amount of salt and of.fluid is absorbed from the intestine, 
unless purgation follows very rapidly, and this salt acts in the blood 
and tissues in the same way as the saflts which do not act as cathartics. 
When very dilute solutions of these salts are given, therefore, the effect 
is similar to that of ordinary salt, except that the hydriemia and the 
diuresis do not follow so soon, because the absorption is somewhat 
slower. Stronger cathartic solutions at first cause a concentration of 
the blood and lessened urine, but afterwards the excess of salt in the 
blood may cause diuresis. The greater the purgative action, the less 
the diuretic, because more fluid and more of the cathartics are thrown 
out in the stools. If no purgation follows for any reason, as when the 
blood has been concentrated by long abstinence from water, the whole 
of the salt eventually passes into the blood and is excreted by the kid- 
ney, and may cause very considerable diuresis and a still further con- 
centration of the blood. The sulphates are absorbed by the epithelium 
of the renal tubules with much greater difficulty than chloride, and 
thus offer osmotic resistance to the absorption of the fluid in the tubules ; 
sulphates absorbed into the blood therefore induce a more diffuse diuresis 
than an equal amount of chloride, but less of the former "reaches the 
blood generally, so that the chlorides arc better practical diuretics. 

From the above it can be at once inferred that a saline cathartic in- 
jected intravenously causes no purgation, for instead of preventing the 
passage of fluid from the bowel into the blood, it rather encourages its 
absorption by increasing the osmotic pressure of the blood. And this 
has been shown to be the case by repeated experiment. One fact which 
seems to be opposed to this explanation is that the saline cathartics 
sometimes cause purgation when injected in very small quantity into 
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the sabcutaneoiis tissues of the abdomen. But this is due not to the 
specific action of the drug;, but to its causing pain and iuflamnmtion, 
and in fact acting as a counter-irritant (Hay). 

The statement is sometimes made that the saline cathartics act as 
cholagogues, L <?., increase the secretion of bile, but this has been shown 
to be erroneous by a series of careful observations. 

The Temperature is often somewhat reduced by the action of the 
saline cathartics, but seldom more than one half degree. 

The habitual use of saline cathartics is often efBcicnt*in Eeducing 
the Weight in obesity, and iiiany of the natural mineral waters have 
a considerable reputation in the treatment of such cases. The way in 
which they act is not understood, for though there is often somewhat 
less protcid and fat absorbed from the intestine, this appears too small 
to account for the loss in weight. There seems no reason to suppose 
that any marked change in the nitrogenous metabolism is induced by 
the cathartics, for the nitrogen in the urine is often practically unal- 
tered in amount. The only remaining explanatimi of the efficiency of 
these salts in obesity is that they increase the oxidation of the fats of the 
body, presumably by altering the movements of the body fluids. This, 
however, is only a surmise which as yet is niisupporied by known facts. 

Whoa purgation follows the administration of a saline C/athartic, 
the most of the salt escapes in the fieces, never having lieen absorbiHl 
at all. When the salt fails to purge, however, and is alisorbed, it 
undergoes the usual exchanges in the tissues and is excrohjd by the 
urine. There is no reason to suppose that any of it ap[)ears again in 
the stomach or intestine. 

The Sulphates seem to pass through the tissues without injurinji: tliem, 
and but little etfect is observed from injecting eonsidcrable quantities into 
the blood. When the sulpliate ion is combined with a poisonous base such 
as potassium or maguesiuin, the injection is of course followed by ciharactcr- 
istic symptoms; hut me anion seenm to be comparatively hannless. 

The Phosphates arc also very inactive alter al)Hor|)tioii. (himgeo Ibinul the 
orthophosphate quiti^ harmless, while the metaphospliaies aiai j)yrophos|)hate8 
are poisonous, more especially the last, when iiijeek^d sulantaneouHly or intra- 
venously. T^hosphates absorbed in man and in the carnivora lire exeroU‘(l by the 
kidney and increase the acidity of the urine ; in the herbivora they are excreted 
exclusively by the bow'(d wall. 

The Citrates are rapi<lly oxidized in the tissues to carbonates, and only 
traces of the unchanged salt (*.scape in the urine. The urine may thus bo 
rendered alkaline by the a<linini.stration of the eitratc^s, espee/ially in small 
quantities which are insufficiemt to indu<*c purgation (see hydrates and car- 
bonates of the alkalies, page 544). The Tartrates are more slowly oxidized, 
and a considerable quantity is excreted in the urine unchanged.’ Tnjf^cted 
into the blood directly, the citrates and tartrates seem tf> act as heart poisons, 
but very little is known in regard to this point. 

The Magnesium Salts first accelerate and ilicii weaken and paralyze the 
heart and depress the central nervous system, when they are injected Into 
the blood, but induce no symptoms when they are absorbed from the intes- 
tine, as they are jii obably rapidly excreted by the kidneys. The magnesium 
of the urine is certainly increased by the ailministraiion of the salts by the 
mouth, especially if they fail to purge, hut it is possible that some of the mag- 
nesium is excreted by the bowel, and it has been recently suggested tliat it 
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may appear in the milk. In the frog the salts of magnesium are said to 
paralyze the striated muscles in the same way as those of potassium, but 
no such effect is induced in mammals even by intravenous injection, the 
animal dying from the action on the heart and nervous system before the 
muscular action is elicited. 

The oxide and carbonate of magnesium differ from the other saline 
cathartics in being very insoluble and in possessing an alkaline reac- 
tion. Part of that ingested is formed into magnesium chloride in the 
stomach, however, and the carbonic acid present in the intestine may 
dissolve part by forming the bicarbonate. Their alkalinity serves to 
remedy any excessive acidity of the stomach or intestine, while at the 
same time they are mildly cathartic. (See page 541.) The prolonged 
use of large quantities of magnesia has in some cases led to the forma- 
tion of large concretions in the bowel, resulting in obstruction, 


Pbepakations. 


SoDii SuLimAs (U. S. P., B, P.), Glauber's salt (NUgSO^, lOHgO), soluble 
in about 3 parts of cold water, 2-30 G. (30 grs.-l oz.). 

Maonesii Sulphas (U. S. P., B. P.), Epsom salts (MgS04,7H20), soluble 
in IJ parts of cold water, 2-30 G. (30 grs.-l oz.). 

Potassii Sulphas (U. S. P., B. P.), 1-4 G. (15-60 grs.). 

These arc crystalline salts with a harsh, bitter taste. 

SoDii Phosphas (U. S. P,, B. P.) (NagHPO^ + 12H^0), soluble in about 6 
parts of cold water, 1-30 G. (15 grs.-l oz.). 

Sodii Fyrophosphas (U. S. P.) (Na^P^O^ -f lOH^O), 1-20 G. (15-300 grs.). 

Those are crystalline salts with a cool, saline taste. 

Liqxior Sodii Phosphatift Cornpositus (U. S. P.) contains sodium nitrate and 
citric acid. Dose, 8 c.c. (2 11. drs.). 

Sodii Pimphiis Exmomfus (U. S. P.), dried sodium phosphate, 1 G. (15 grs.). 

Potassii Bitartrm (U. S. P.), Poiassii Tartras Acidus (B. P.), cream of tartar 
(KHCVH,0„), 1-4 G. (15-60 grs.). 

Potassii et Sodii Tartras (U, S. P.), Soda Tartarata (B. P.), Rochelle 
salt (KNaO^H^Og + ^HgO), soluble in 1.4 parts of cold water, 8-16 G. (120- 
240 grs.). 


Potassii Tartras (B. P.) 30-240 grs. 

PotasHii Citras (U. S. P., B. P.) (C,H,OH(COOK)3), 1-3 G. (15-45 grs.). 

LUldi Citras (U. S. P., B. P.) (C3H,0H(C00Li)g4H,0), 0.3-0. 6 G. (5- 
10 grs.). 

Sodn Citras (U. S. P.) (2C3H,0H(C00Na)3+llH20), 1-3 G. (15-45 grs.). 

These form salts with a cool saline, or, in tJie case of the bitartrato, acidulous 
taste. They are all very soluble in water, except the bitartrate. The citrates 
are not purgative in the dose given. 

Magnesjt OxiDUM (U. H. P.), Magnesia Levis (B. P.), light or calcined 
magnesia (MgO). 

Magnesia Ponderosa (B. P.), Magnksh Oxidum Ponderosum (U. S. P.), 
heavy magnesia (MgO). 

Magnesii Carbonas (U. S. P.) ((MgCOg)4Mg(OH)2 + SH^O). 

Magnesii Carbonas Levis (B. P.) | v « 

Magnesii Carbonas Ponderosa (B. P.) | 4H2O). 

These all form Avhite amorphous powders with an earthy, not saline, taste. 
They are insoluble in water, but the carbonate is dissolved by excess of car- 
bonic acid. 0.3-4 G. (5-60 grs.V 

Liquor Magnesii Carhonatis (B. P.), fluid magnesia, contains 2 per cent, 
of carbonate of magnesia dissolved by the presence of carbonic acid. 1-2 
fl. oz. 
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Effenrescing Preparations. 

PULVIS Epfisrvkscexs Compositus (U. S. P.), Putvrs Sod.« Tartarat^ 
Epfervescens (B. P.), Seidlitz powder. 

.This powder is made up in two papei*s, of which the blue cue contains a 
mixture of 3 parts of Bochelle salt and one part of sodium bicarbonate, in all 
10.4 G, (160 grs.), while the white paper contains 2.25 G. (38 grs. B. P.) of 
tartaric acid. When the powders are dissolved separately in water and the 
solutions mixed, the tartaric acid acting on the bicarbonate reletiscs carbonic 
acid with effervescence. 

Liquor Magnmii Citrai.h» (U. S. P.) is a solution of magnesiuiu citrate with 
excess of citric acid to which potassium bicarbonate is added. The wliole is 
bottled tightly and effervesces when the cork is removed. 150-400 c.c, 
(5-12 fl. oz.). 

LitUi Citras Effei-vcscena (IT. S. P., B. P.), a mixture of litliiiim carbonate 
or citrate with sodium bicarbonate, and citric acid (and tartaric acid, B. P.). 
4-8 G. (60-120 grs.). 

Magnedi Sulphas Kfferveseens (B. P., IT. B. P.), a mixture of Kpsom sails, 
sodium bicarbonate, tartiiric and citric acids, which eHervesct's when mixiMl with 
water. 60-240 grs. for rc]>eatcHi administration ; for a singli^ administration 
J-l oz. 

Sodli Sulphas (B. ]\), a similar mixture coiilaining tlie su1{duitc 

of soda instead of (hat of magnesia. 60-120 grs. for repealed administration ; 
for a single administration J-.] oz. 

Sodli Phosphas Efferomms (B. J\, U. H. 1\), similar U) the a])ove, but con- 
taining the phosphate in place of the sulphaU^. Dose as for the cllerveseent 
sulpiiatc. 

Sodii Oitrotartraa Effervescens (B. P.), a mixture of .sodium l)icarbonato 
with tartaric and citric a(u*ds. It is not purgative in the dose adviscid in the 
B. P. 60-1 20 grs. 

Many otlier eftbrvescent mixtures are used instead of the oHicial ones — 
among them the tartrates and citrates of the alkalies, tlie acetate of irnig- 
nesium, etc. 

The sulphates of sodium and of magnesium, the tartrates of sodium and 
potassium aud tlic phosphate of soda are given in solution, tiui last olteii in 
milk. Unless under special conditions the salts ought not to be in gn‘ater 
concentration than 5-10 pc?r cent. Magmjsia and magnesium carbonate are 
administered in powder, sweetened if necessary. The effervese.ent prepara- 
tions are always to bo taken in solution in almut a tuml)ler of water ; in 
.some instances in which this wjis not understood, .sevcire distention ol tlie 
stomach with alarming symptoms have arisen from the <;arl)oni(! aedd being 
freed in the stomach. The cfrcrve.scent pixjparatioiis ought to he kept dry, 
and the solution of magnesium citrate has to be kept tightly corked. 

Very often the natural mineral watersarc ased instead f>f tin? idiarmaco- 
preial preparations, the best known purg?itives among tlicso being the Hiui- 
yadi-Janos water and Carlsbad water, which c*ontain the sulphates of sodium 
and magnesium. “Carlsbad salts” are obtained by th(i evaporati()n of the 
waters, but are very often artificial imitations. Many other springs have 
the same effects, and a widespread belicAf exists that ilie natural waters are 
“ more efficient ” or “ ie.ss depressant” or have some mystical virtues that 
are not shared in by the artilicial salts, but this belief do<^s not seem to have 
any real basis, and is i)robably a survival of the old religious belief in the 
healing properties of si)rings. 

In the natural waters the jiurgative salts are alwaysaccornpani<id by other 
less active ones, such as the chlorides of sodium, calcium, (!tc. 

The HulphovinaU of sodium (N'aCjjHySOj has been advised as an aptjrieiit, 
but is much weaker than the others, though it has a more pleasant taste. 
It is very liable to decompose with the formation of sulphaUi of soda, and 
perhaps much of its action may be due to the presence of the latter. 
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Therapeutic Uses* — The saline cathartics are very largely used to 
relieve constipation:^ Habitual constipation seems to be caused by 
insufficient peristalsis, and the slow passage of the contents through the 
intestines allows of a more complete absorption than usual, this in 
turn rendering the faeces hard and dry and difficult to move onwards. 
The saline cathartics increase the fluidity of the intestinal contents, and 
thus facilitate their expulsion, and this is probably the only effect they 
have when taken in small quantities, and especially tn dilute solution 
as in the natural mineral waters. In larger quantities, however, more 
water is retained in the bowel, and the weight and distention cause 
peristalsis, while in sufficient quantity they draw fluid from the blood 
and cause profuse watery discharges. When a very complete evac- 
uation is desired, the saline cathartics may be given along with some 
of the vegetable purgatives. Such mixtures are the official Black 
Draught (see Senna) and the compound powder of Jalap. The saline 
cathartics act much more rapidly than the vegetable purgatives, and a 
common method of combining their effects is to give the latter in the 
evening and the saline the following morning. 

The chronic constipation due to sedentary habits is much benefited 
by the saline cathartics, more esjiecially by dilute solutions taken be- 
fore breakfast. The sulphates and tartrates are harsh and unpleasant 
to the taste, and the natural waters are often preferred, or one of the 
effervescent preparations may be used in those cases. 

The sulphates and tartrates are more frequently used where a single 
large dose has to be prescribed in order to empty the bowel, but here 
also the Seidlitz powder may be advised instead, as being more agree- 
able to the taste. These cathartics were at one time used in fevei;, 
partly from a theory that they reduced the temperature ; they are cer- 
tjiinly less liable to cause pain and griping than the vegetable purga- 
tives, and thus tend to disturb the patient less. 

The sodium phosphate is often prescribed for children, either as a 
powder to be given in jelly, or in solution in milk or other food, which 
completely hides its taste. 

The saline cathartics are used to lessen intestinal putrefaction, and 
are sometimes very efficient, though they do not act through any an- 
tiseptic power, but simply by removing the putrefying mass. The 
phosphate of soda has been especially recommended in some forms of 
diarrhoea in children. 

The saline cathartics are administered to remove accumulations of 
fluid in the body arising from cardiac or renal insufficiency, or from 
an old effusion. For this purpose the sulphate of magnesium is used 
in a large dose, dissolval in about its own weight of water ; if purgation 
does not follow in 1-3 hours, an enema may be necessary, or the saline 
ihay be given along with a vegetable purgative. This form of treatment 
was very popular at one time, but is liable to weaken and depress the^ 
patient, and is specially contraindicated, therefore, iii asthenic conditions. 
Other methods of I'onioviug accumulations of fluid are by the use of 
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diuretics (see caffeine, theobromine, page 245), diaphoretics (see pilo- 
carpine, page 315), or by cardiac I'emedies (digitalis, page 440), 

As diuretics the saline cathartics are inferior to other salts, such as 
the acetates or nitrates. Large quantities of dilute solutions of the 
purgative salts are of value in the treiltiuent of some forms of obesity, 
the mineral waters being generally prescribed for this purpose, or the 
patient being sent to drink them at their source. 

Magnesia and magnesium carbonate are less liable to purge than 
the soluble salts, and arq, specially indicated in hyperacidity of the 
stomach or in acid putrefaction in the bowel. They cause less irrita- 
tion than the carbonates of the alkalies bt^causc of their insolubility, 
and at the same time have the advantage of acting as mild purgatives, 
while the lime preparations which are insoluble, tend to induce con- 
stipation. The magnesia preparations may be used also in diarrlima 
as antacids, as they liave no irritant action on the bowel. Freshly 
prepared magnesia is recommended in arsenic poisoning to form an in- 
soluble precipitate iu the stomach, and in poisoning with acids it is 
also of value when it can be obtained readily. In both ciises it is to 
be given in large quantities. 

The phosphate of soda has been given in various l)one diseases, a.s in 
osteomalacia and rickets, this treatment being founded on the belief that 
the softenihg of the bones is due to the lack of phospliates in the food, but 
there is no reason to suppose that this idea is correct, aind the treatment 
is not attended with success. In wises of exophthalmic goitre thc» phosphate 
has been recommended, but no explanation has been given of its action here, 
and some question exists as to whether it is really of value.* It has also 
been recommended in the uric acid diathesis. Tlie phosphates have been 
supposed to be of benefit in nervous diseases, on the lluiory that these wc^.re 
due to the insufficiency of i>hosphoriis in the brain, and glycero-phosphates 
have been introduced for tlic same reason, but both theory ami practit?e have 
proved to be erroneous, for the auimal organism is unable to build up proteid 
combinations from their inorganic constituents. The use of sulphate of 
sodium ill phenol poisoning, which was at one time recommended, has been 
shown to be quite without eflect on the progress of the intoxication. (See 
Carbolic Acid, page 404.) 

The ferrocyanide of potassium lias been advised in irritant poisjoning with 
iron and copper salts, with the hope that the insoluble feiTocyanides would 
he formed ; a better treatment, however, is wasliiug out the stomach, and 
the greater part of these salts is removed by vomiting iu any case. 

BinidOGRAPH V. 

The liteniture of wdine ealhartioit up (o 1S84 is HiscMisseO by Ifay. See !»lw> Vege- 
table Purgatives, p. lOS, jind Sjilt Action, pp. 480, 407. 

Huy. Saline catharlics, Journ. of Anat. and Phys,, xvi. ami xvii.; also in mono- 
graph, Edinburgh, 1884. 

London. Zts. f. klin. Med., xiii., p. 48. 

Dapper. Ibid., xxx., p. 371. .\rch. f. Vcrdauungskmnk., iii., p. 1, 

Jacoby. Berl. klin. Woch., 1897, p. 248. 

HcidmJmn. Pfliiger’s Arch., Ivi., p. 579. 

Kovesi. Centralbl, f. Physiol., 1897, p. 55;5. 

Hamburger. Arch. f. Anat. u. Pliys., 189(5, p. 428. 

libber. Pfliiger .s Arch., Ixx., p. 624. 

Flemming. Inaug. Biss., Borpat, 1893. 



540 monGANJC salts, acids and bases, 

Wallaee and Cushny, Am. Jouni. of Physiol., i., p. 411. Pfluger’s Arch., IxxviL, 
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Oamgee, Pnenlley and Lamiuth, Journ. of Anat. and Phys , xi., p. 255. (Phosphates.) 
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XIV. HYDRATES AND CARBONATES OF THE ALKALIES. 

The hydrates and carbonates of potassium, sodium and lithium owe 
their pharmacological action entirely to the non -metallic ion, which 
is so much more powerful than the metal that the latter may be dis- 
counted. In the hydrates the active constituent, then, is — HO. 
The carbonates and bicarbonates dissociate into K- or Na- ions and 
— CO3, but the latter rapidly combines with the hydrogen of the water 
and thus frees — OH, so that the final effect is the same as if a hydrate 
had been administered, except that the carbonates are less rapidly dis- 
sociated than the hydrates, and, less — OH being formed, are less violent 
in their action. This hydroxyl ion, then, is what induces the alkaline 
reaction of the solutions and their pharmacological effect, the metallic 
ion only serving as a means of applying the hydroxyl ion, but not 
affecting the pharmacological action. In other words the alkalinity 
(hydroxyl ion) of the hydrates and carbonates determines their action 5 
the metal has no practical importance. 

It is therefore erroneous to take the hydrates and carbonates as typifying 
the action of potassium or sodium, for in these the metallic action is much 
less distinct than in the chlorides, the 01 ion being practically inert, while 
the hydroxyl is exceedingly poisonous. 

It may be remarked in ptissing that the importance of the reaction be- 
twe(?n alkalies and acids lies not in the combination of the metal with the 
anion of the acid, but in the combination of the powerful hydroxyl ion with 
the hydrogen ion of the acid. In the effects of potassic hydrate in the 
stomach, the main importance is to be attached not to the potassic chloride 
formed but to the water (K — HO 1 H — Cl = K — Cl + HgO), for the potas- 
sium and chloride ions remain unchanged by the operation while the hydroxyl 
and the hydrogen ions disappear. 

Action. — The pharmacological action of this group is due to their 
powers of iieutmlizing acids and of dissolving proteids and changing 
them to alkali-proteids, and in a less degree to their saponifying fats. 
They have in addition the ordinary salt-action, and in concentrated 
solutions withdraw fluid from the tissues. 

The solution of proteids by the alkalies and the characters of the 
compounds thus formed outside the body are well known and need not 
be entered into here. The same solvent action is observed in the living 
tissues whenever the hydrates and carbonates come in contact with 
them in sufficient concentration. The hydrates are, of course, much 
more powerful solvents than the carbonates, and these than the bicar- 
bonates. In very dilute solutions this solvent action is exercised only 
on the superficial tissues, but when stronger solutions are used, or 
when even weak solutions remain long in contact with the tissues, 
they tend to penetrate more deeply and cause widespread destruction 
or corrosion. These bodies form soluble compounds with the proteids 
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and are only slowly neiitraHzed by the tissnos, so that no such bar- 
rier is mised against their penetration as is met by some other 
corrosives. 

Applied to the Skin weak solutions dissolve the superficial layer of 
horny matter and the oily secretions of the glands, and thus cleanse 
the surface more thoroughly than water or solutions of neutral salts. 
When applied for some time, they penetrate more deeply and cause 
some slight irritation and redness. Concentrated solutions dissolve 
the skin and cause necrosis of the deeper tissues, generally covered 
by a semitransparent crust which falls otf in the course of a tew 
days, leaving an ulcer. Tlie solutions of the carbonates are inncli less 
corrosive than those of the hydrates, and induce actual lesion of the 
skin only under exceptional circumstances, such as very prolonged 
application. 

In the Mouth the hydrates and carbonates have a characteristic 

alkaline” taste, and dissolve the superficial layers of the lining mem- 
brane and the mucus of the secretions. The lips, tongue, and gums 
assume a bright red color from the irritation an<l feel soapy to tlic 
touch. Conceutrat(*d solutions may causes d(jo|) corrosion, as in the 
skin, while very weak solutions have no eifeet except the eJiaracteristio 
taste and a reflex flow of saliva. The corrosion caused by strong solu- 
tions extends to the throat and (esophagus, and may (uIIhu* prove im- 
mediately fatal or may give rise to cic4itri<jes siibsecpKaitly. 

The effect of tlu^ hy(lrat(?s and^ carlM)nat<*s in tla^ Stomach has been 
much disputed, and even now it is impossilde to explain some* of the 
therapeutic? results. Small (piautities are uudoubt(Hlly neutralized by 
the hydrochloric acid of the gastric jui(?e and act no longer from their 
alkalinity, hut meiely from their effects as salts, if at all. Larg(?r 
quantities render tlie contents of the stoma(?h neutral or alkalim^ and 
thus prevent gastric digestion. Very concent rat (h 1 solutions (?orrodo 
the walls of the stomach and may prove immediatidy fatal from caus- 
ing perforation into the peritoneal cavity, whiles if the (corrosion is not 
so severe, and the patient recovers from the sho(?k and collapse*, gastric 
ulcer and cicatrices may result. 

It is very fre(iuently stated that alkalies and alkaline carbonatxis in- 
duce a more rapid secretion of the gjistric juice. In fa(?t, some writers 
go so far as to assert that it is impossible to rendcir tlie (contents of the 
stomach alkaline except by tlie use of poisonous doses, because the 
gastric juice is so rapidly augmented by the alkali(?s. 'Flus belief 
seems to be founded on the old aphorism cnnfrnria iiontrarm dimulan^^ 
tu/r, which proves to have no greater basis in fact than other similar 
dogmas. It has been demonstrated expe^ri men tally in dogs that alka- 
line carbonates, whether given by the mouth or injcctcMl into the 
stomach through a gastric fistula, do not influen(?e the amount of the 
gastric secretion, an(I Reichmann has recently shown that in man dis- 
tilled water increases the free acid and the chlorides of the stomach 
contents as much as an equal amount of an alkaline solution. The 
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Only satisfactory examinations of the question, therefore, show that the 
^ alkalies have no effect whatsoever on the activity of the secretory 
glands of the stomach. On the other hand, they may affect the juice 
already secreted by making it neutral or even alkaline, and may thus 
render it entirely useless for digestion and disinfection. Of course in 
hyperacidity of the stomach, tlje alkalies may be of benefit by lessen- 
ing the amount of free acid present. 

Dilute solutions of the alkalies may act as slight irritants to the 
stomach wall and thus improve its circulation, and lessen pain, eruc- 
tation and distention, very much in the same way as other slight gas- 
tric irritants, such as the volatile oils. In the case of the carbonates 
and bicarbonates, this carminative action may be strengthened by the 
carbonic acid liberated by the hydrochloric acid. In addition, they 
tend to render the mucus less tenacious, or may dissolve it completely, 
and thus improve the condition of the stomach. Nothing is known as 
to their effects on the movements of the stomach, or on its power of 
absorption, but if carbonic acid be liberated, it tends to increase the 
movements to some extent. 

In the small Intestine the alkalies have been shown to have an in- 
direct effect, through their diminishing the acidity of the gastric juice. 
The secretion of the pancreas is normally stimulated by the passage of 
an acid fluid through the pylorus, and if the acidity of this fluid be 
reduced by the administration of alkalies, a much smaller quantity of 
pancreatic juice is thrown into the intestine. This may again render 
the digestion less complete, although the greater alkalinity of the 
intestinal contents tends to increase the efficiency of the pancreatic 
juice already secreted. On the other hand, in cases of hyperacidity of 
the stomach, the administration of alkalies may render the contents of 
the intestine less irritant, and thus tend to allay catarrh. 

The alkalies administered in medicinal doses seem to have no effect 
on the intestinal putrefaction, for the double sulphates of the urine 
remain unchanged in amount. Kast states that very large quantities 
(15 G., ^ oz.) increase the putrefaction, probably through neutralizing 
the disinfectant gastric juice. 

The alkalies have been believed to have some special action on the 
Secretion of Bile ; thus, it has been supposed that they rendered the 
bile more alkaline and tended to dissolve the mucus contained in it, 
that they prevented the deposition of, and even dissolved gall-stones, 
or that they increased the secretion of bile and thus swept them out of 
the gall-bladder. All of those theories have been overthrown by the 
inv^estigations of Stadelmann and his pupils, who have shown that 
alkaline salts do not increase the secretion of bile, are not excreted in 
it, and do not cause any change in its reaction. Any effect which the 
alkaline carbonates or hydrates may possess in hepatic diseases would 
therefore seem due to their effects in the duodenum. 

The prolonged administration of very large doses of the alkaline car- 
bonates and bicarbonates causes chronic gastro-enteritis in animals, and 
is said to have proved fatal to them in some instances. 



The hydrates are probably Absorbed in combination with proteids or 
as carbonates. Both hydrate's aii<l carbonates disappear rapidly from 
the stomach and intestine, although the bicarbonate of soda is some- 
times credited with some laxative action ; this may not, however, be 
due to the satne causes as in the case of the saline cathartics. The 
absorption of these lK)dies loads to an increase in the alkalinity of the 
blood and tissues. Even when the alkali administered has been neu- 
tralized by the gastric juice, the body is rendered more alkaline, be- 
cause a certain amount of the carbonate of the blood and tissues is 
spared, Avliich would normally have been used to neutralize the hydro- 
chloric acid before it could be reabsorbed. This condition of aug- 
mented alkalinity can only last a short time, however, as the excretory 
glands at once proceed to remove the excess. But this transient iiw 
crease in the alkalinity of the tissues has been supposed to iniluenec 
the Metabolism very considenibly. It is found that outside the l)ody 
certain bodies undergo oxidation much sooner in alkaline solution 
than when neutral ; the example most freipiently cited is pyrogallol, 
which combines with oxygen nmeli more rapidly in the presence of 
alkalies. From this it has been surmised tliat an increase in the alka- 
linity of the fluids of the body must be followesd by an acceleration of 
the metabolism. A large nuinlH?r of res<?arches made on man and ani- 
mals in regard to this j)oint have given varying results, but tend on 
the whole to show tiuit the alkalies have less olfeet on the tissue- 
change than was formerly believed. The investigak)?vs of the subject 
have generally confined their attention to the effects of alkalies on the 
products of metabolism excreted in the urine, and have found the total 
nitrogen excreted to l)e unchanged in a considerable number of in- 
stances, to be sliglitly increased in others, and to be diminished in a 
few individuals. Even in those cases in whi(;h an increase is observed 
in the nitrogen of the urine, it docs not always indicate an increase in 
the nitrogenous metaI)olism, for the urine is oftcui increased consider- 
ably and it is evident that the interchange of the fluids of the tissues 
and blood is augmented ; so that the increased nitrogen of the urine is 
accounted for by the tissues being more thoroughly flushed out than 
usual by the alkalies, which act in the same way as the neutral salts. 
(See page 494.) The effect of the alkalies on the total nitrogen ex- 
cretion seems to vary considerably Avith the individual, and in one and 
the same person different effects have been noted from two salts which 
exist in the blood in the same form. 

Although the total nitrogen may be little affected by tlie administra- 
tion of the alkalies, the form in which it is combined in the urine and 
in the blood may be changed. The ammonia of the urine is often 
diminished in amount, while the urea cxcr<?tion is correspondingly aug- 
mented. This is csjKJcially marked In cases in which excess of acid is 
formed in the tissues or absorbed in any way, and is explained by the 
fact that this acid is ordinarily neiitraliziHl by the formation of ammo- 
nia in the tissues (see Acids). When, however, fixed alkali is present 
in sufficient amount, as when the carbonatc^s are given, the nitrogen 
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which would otherwise have been excreted as ammonium * salts, is 
formed into urea. 

The Uric Acid Excretion under the alkalies has been the subject of 
numerous researches, but in the great majority of these very imperfect 
methods of estimation have been used. In the few cases in which, 
satisfactory methods have been employed, the results have been diver- 
gent, the uric acid being sometimes decreased and sometimes increased 
by the alkalies. In any case the change is trifling in extent, and no 
inference can be drawn as to the uric acid metsibolism from it. 

As regards the Oxidation in the Tissues, one observer found the oxy- 
gen absorbed and the carbonic acid excreted by the lungs increased by 
the alkalies, while another could detect no change. Another method 
of estimating the activity of the oxidation in the tissues has been used 
by Taniguti and Jawein, who both found that in man the neutral sul- 
phur of the urine is increased by the alkalies at the expense of the 
acid sulphates ; they interpret this as indicating a diminution of the 
oxidation of the tissues. On the other hand, Heifter and Harnaek, 
using the same method, came to the conclusion that the oxidation in 
the tissues of the dog was increased by the alkalies, and this accords 
with Munk^s observation that a diminution of the alkalinity of the 
blood of the horse lessened the oxidation of phenol. 

The only conclusion which seems admissible from these laborious 
investigations, is that the tissue waste is but little affected in amount 
by the increased alkalinity of the blood, a;nd the slight changes ob- 
served may vary not only in different species, but in different individ- 
uals, and even in the same individual at diferent times. The cause 
of this individual variation may be differences in the amount of acid 
formed in the tissues, but may also be differences in the local effect of 
the alkalies in the alimentary tract. 

The organism rapidly frees itself from the excess of alkali by Ex- 
creting alkaline salts. This excretion occurs chiefly in the urine, 
which becomes less acid, or even alkaline in reaction, and in the latter 
event contains bicarbonate of potash or soda. As a general rule, the 
urine soon regains its acidity, but when fairly large doses are given 
repeatedly, its action may be kept alkaline constantly. This is almost 
always accomplished in man by the administration of about 10-15 G. 
(160-240 grs.) of sodium carbonate in 24 hours, but some persons 
require a still larger quantity, while others require much less. A tem- 
porary alkaline reaction lasting 2—3 hours may often be induced by a 
single dose of 2-3 G. The alkalies have the same effect on the excre- 
tion of the salts in the urine as the neutral salts — large doses increase 
the sodium, potassium and chlorides of the urine. 

The injection of alkaline carbonates into the blood induces a more active 
secretion from the bronchial mucous membrane, according to Calvert, while 
Bossbach found it to have the opposite effect. It is questionable whether 
the alkali is excreted here. 

The blood of rabbits treated with alkalies is said to be more strongly ger- 
micidal than usual, and these animals show greater resistance to infection 
with anthrax bacilli. These effects are not due to the increased alkalinity 
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of the blood directly, for serum is not rendered more lmeterid<lal wlu'ii alkali 
is added to it in test-tube experiments. 

When dilute ulkaliue solutions an^ applied to Isolated Organs, they gen- 
erally increase their activity for a time, but subsequently weaken it, while 
strong solutions are immediately poisonous. Thus the ciliary movement <if 
epithelium is accelerated by dilute alkalies, sodium sjiits acting more 
strongly than the potassium because of the poisonous Iv-ion of tlie latter. 
The heart also contracts longer and mure strongly when it is perfused 
by a chloride of sodium solution rendered alkaline by carbonate of soda 
than when the solution is neutral. Bomewliatr stronger solutions incrt»ase 
it^ tonus and eventually cause systolic standstill. The arterie.s are con- 
tracted in the same way by contact with alkaline solutions, and tire, dilattnl 
when acids are perfused through them. Some of the secretions have also 
been found to be increased by the presence of alkalies, thus the gltinds of 
the frog’s skin are stimulated by very dilute alkaline solutions. Loeb Inis 
recently observed that the presence of the — Oli ion cituscs frog’s muscle 
to absorb considerable quantities of water from a dilute salt solution, while 
on the other hand Hamburger states that the addition of small quantities of 
alkalies to the drawn blood reduces the size of the bloo<l cells. Zoefchout 
states that some unicellular organisms prove much more resistant t«> the 
effects of the withdrawal of oxygen when they are placed in a slightly alka- 
line medium, and suggests as an explanation that the alkali antagonizes 
some poison formed during asphyxia. 

Strong alkaline solutions destroy all living tissues with which they come 
in contact. 

PUEPAIlATiONS. 

P 0 TA 8 SI 1 Hydroxiditm (U. B. P. ), I'otassa CAiisrrcA (B. P.), (KOM), 
potiissium hydrate, caustic potash— dry white jieneils or fused massos, do)i(pu*s- 
cent in the air and very caustie. 

Nodii Hydroxidmn (U. B. P.) (NaOJl), scMlium hydrate or hydroxide, caustic 
soda — white trauslucont pencils, deliquescent in the air, ami viuy caustic. 

Liquor Potfmli Hydroxldi (U, S. P. ), Liquor Poimm. (B. B. ), solution of 
potassium hydrate, about 5 per cent., 0.()~2 c.c, (1()~.‘10 juins.), to be well 
diluted. 

Liquor Sodii Hydroxidl (U. B. P.), a sfdution of sodium hydrate in water, 
about 5 per cent, 1-4 c.c. (ITMlo mins.), well diluted. 

Liquor Sodii Ethylatls (B. P.), an 18 pe,r cent, solution of sodium (ethylate 
(O^UrPNa) in absolute alcohol. It should be recently prepareil, when it 
forms a colorless syrupy liquid, which de<^omposcs in the presence of water, 
and is very caustie. 

PoTASSir Carbonah (IT. B. P., B, P.) (KpO.,), a white granular powder of 
alkaline reaction, soluble in one part of water. 0.5-8 O. (5- 80 gts.). 

SoDii Carbonas (B. P.) (Na^COj 4 - lOflp), colmless crystals with an alka- 
line reaction and tiste, .soluble in about 01113 part of water. 0.8-2 (1. (5-80 giu). 

Sodii Oirbonm Exmccafm (B. P.), sr»diuin carbonate <hipriv<3d of most of its 
water of crystallization, a loose, white powder resembling tii(3 onlimiry carbonate 
in its reactions and s(dubility. 0.3-1 Cr. (5-15 grs.). 

Sodii Carbonm Monokydrataa (U. 8. P.) (Na^COg 1 H/)), a wliite crystalline 
pow'der without odor and strongly alkaline, lio.se, 0.25 <1. (4 grs.j. 

Potassii Bicarbonas (U. S. P., B. P.) (KIKTO.,), colorless, transparent 
eiy.stals with a saline, slightly alkaline taste and .s<jluble in three xntrts of 
water. 0.5-2 G. (10-30 grs.). 

Sodii Bicarbonas (U. S. P., B. P.) (NaHtX)^), a white, opmiue powder, 
with a cool, alkaline taste, soluble in 11 parts of water at 15® i*. 0.3-2 <!• 

(5-30 gi*s.). 

Trochisci Sodii Bimrhonuii^ (Ite B. P., B. P.). 

Sodiiim bicarbonate is contained in the Mistura Khei et Hodje (U. B. P.). 

35 
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Lithii Carhonm (U. S. P., B. P.) (LijCOg), a light, white powder with an 
alkaline taste, soluble in 80 parts of water, but more soluble in carbonic 
acid water. 0.2-0.6 Gr. (3-10 grs.). 

The preparations of magnesia and magnesium carbonate (see pp. 540-541) 
are prescribed more as antacids than as cathartics, and might be included in 
this list. 

Numerous alkaline mineral waters are used instead of the pharmacopoeiar 
preparations, but as a general rule they contain only very small quantities 
of the carbonates, and perhaps act more through the large amount of water 
than through their alkaline reaction. 

Therapeutic Uses. — The caustic alkalies are used Externally to a 
limited extent to remove growths such as warts from the skin. Fw 
this purpose the potash pencils are employed, but they are very de- 
liquescent and it is therefore difficult to limit their action to one spot, 
and to the superficial tissues. When the desired extent of cauteriza- 
tion has been obtained, the part should be washed with water, or with 
vinegar or some dther dilute acid. The solution of sodium ethylate 
(B. P.) is said to be less painful than caustic potash. The carbonates 
are also used externally to some extent, chiefly in baths, which they 
render more irritant to the skin, and in which they tend to soften and 
remove the superficial horny layers of the epithelium more than ordi- 
nary water or solutions of the neutral salts. The carbonates are also 
applied in strong solution or as a paste in itching skin diseases, and 
often give relief. 

Internally the alkaline carbonates and more rarely the solutions of 
the hydrates are used for their effect on the stomach, and in cases of 
hyperacidity relieve the pain and eructation almost instantly. Even 
where no excessive acidity exists, the alkalies are often beneficial in 
small quantities, removing the distension and discomfort without 
apparently altering the digestion to any marked extent. The bicar- 
bonate of potash is more frequently used for this purpose than the 
others, and the solutions of the caustic alkalies are comparatively rarely 
employed. Whatever preparation be used, it ought to be well diluted 
to avoid the irritant action on the stomach wall. Instead of these 
alkalies the carbonate and oxide of magnesium may be employed in 
powder, and possesses the advantage of not causing any irritation and 
at the same time have some aperient action. In cases of hyperacidity 
the alkalies (antacids) are often given after meals, while when the 
secretion does not seem to contain an excessive amount of acid they are 
advised before meals, and may then be combined with other stomachics, 
such as bitters or volatile oils. 

The alkalies are also administered for their effects after absorption, 
and here the bicarbonate of potash is most frequently prescribed, 
while the hydrate solutions are rarely used.^ Diabetes was formerly 
treated in this way, in the hope that the oxidation in the tissues would 
be increased, but there is little reason to suppose that the alkalies have 
any such effect on the metabolism, and it is nqw generally accepted 
that diabetes is not due to a general inability of the tissues to oxidize. 

^ The acetates, citrates, etc., may ali^o be used for this purpose (page 549). 
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Experience too lias shown that the glycosuria is not lessoned appreci- 
ably by the use of the alkalies. When, however, diabetes inducCvS an 
increased acid formation in the tissues, as is almost invariably the case 
in its later stages, the alkalies are of undoubted benefit in neutraliz- 
ing the oxybutyric acid formed and thus economizing the alkalies of 
the blood. In diabetic coma, tempo niry improvement may very often 
be attained by the use of large doses of alkalies. 

In gout, rheumatism, and the uric acid diathesis ’’ generally, the 
alkalies have been used very extensively, partly in the liope that the 
supposed iucreased combustion in the tissiu's would destroy a larger 
amount of the uric acid, and partly with the idea that the uric acid 
being neutralized in the tissues, would be excreted more easily and 
would liavc less tendency to be deposited. There are some grounds for 
believing that the alkaline carbonates arc of* benefit in gout and rheu- 
matism, but neither of these tlu'ories seems suflicient to explain their 
effects, for no increase in the oxidation has been shown to occur, and 
on the other hand the uric acid is not believed to exist in either the 
blood or the urine in such simple combinations as the urates. In the 
present position of the uric aei<l question and of tlu* pathology of 
these diseases, however, it is futile to attempt to explain their tliera- 
peutics, tiiough it may bo surmised that the alkalies may infineue-e the 
formation of the uric acid rather than its excretion. The sodium and 
^potassium salts have been used very largely, and lithium carbonate 
has been advised on the ground that Jitliinm urate is about four limes 
as soluble as sodium urate. Lithium has also IxMm administere<l in 
the form of* the benzoate and salicylate in these diseases, in order to 
combine the solvent action of the base with the (dfects of these acids, 
but, as in so many other similar attempts, one of the chief* l*actors in 
the action has been lost sight of; much too small (juantities of the 
lithium compounds Iiave been given to affect the reaction of the blood, 
and besides the salicylate and l>cnzoate do not alter it at all, as they 
are neutral salts. These lithium comjxninds theref*ore sc'cm to be 
superfliipus in the treatment of thes(^ <liseases. More benefit is derived 
from the treatment of gout and rheurnatisin by the alkaline mineral 
waters than by artificJal preparations, ajid this is esj)ecially marked 
when patients arc sent to the mineral springs. Tlie alkalinity of most 
of the waters is very slight, and the conclusion is incvilable that the 
curative agency is not the alkalinity, but the large amount of fluid 
taken, together with the dietetic and other hygienic wnditions. 

The alkaline preparations are also largely used for their effects in the 
urine. In cases V)f excessive acidity of the urine leading to pain and 
straining during micturition, the symptoms are relieved by these drugs 
rcnctering the fluid less irritating, and this relief is especially marked 
in irritable conditions of the bladder and urethra. They may also 
be of value in those cases by rendering the mucus more soluble in 
the bladder. In gravel the alkalies also give relief, and this has been 
attributed to their dissolving the uric acid in the urine, or rather to 
their keeping it in solution in the form of salts. Jn order to attain 
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this, the urine would have to be rendered alkaline, or at least neutral, 
and relief is given by quantities of the alkalies which are quite insuffi- 
cient to do this, so that it seems more probable that the effects are due 
to their increasing the amount of the uriiie, and thus rendering it more 
dilute than to their actually neutralizing the uric acid. Attempts have; 
even been made to dissolve calculus in the bladder or in the kidney by 
treatment with the alkalies, but there is no question that this is hope- 
less. The solution of the alkalies formed in the urine is extremely 
dilute, and in fact, except under large doses, the reaction is not even 
constantly neutral. On the other hand, even the alkaline urates are 
by no means very soluble bodies, and are formed only with difficulty 
except in strong alkaline solutions. Again, alkaline urine is very liable 
to deposit phosphates in the bladder, and thus rather to increase the 
calculus than to diminish it. Experience has shown conclusively that 
the alkalinp treatment does not remove calculus, although in one or 
two cases it is stated that soft calculi broke down into fragments under 
it, from the mucus which held the fragments together being dissolved. 
The pain and irritation of calculus may be relieved to some extent, 
however, from the acidity of the urine being lessened. 

The alkaline carbona tes are also prescribed in cases of jaundice and 
gall-stone, often with benefit. This is not due to their acting on the 
bile directly in all probability, for it has been shown that they do not 
affect it in the normal animal; the improvement may rather be 
ascribed to their lessening duodenal irritation. 

Sodium chloride solution is often injected intravenously in shock 
and heart failure, and it is found beneficial to add a small quantity of 
sodium bicarbonate (1 : 10,000) to it. Alkaline solutions should not be 
injected hypodermically, as sloughing has been observed repeatedly 
from this procedure. 

The bicarbonate of potash is often added to other expectorant reme- 
dies in the treatment of bronchial catarrh and bronchitis, and is be- 
lieved to increase the secretion and render it more fluid and more 
easily expectorated. 

The alkaline carbonates may be given as antidotes in poisoning with 
the corrosive acids, although magnesia is preferable, because it is less 
irritating to the stomach. 

In cases of Poisoning with the caustic alkalies, the treatment con- 
sists in the administration of dilute acids, of which the organic — acetic, 
citric or tartaric — are the best. The first is most readily obtained in 
the form of vinegar. No attempt should be made to pass the stomach 
tube, as it is liable to pass through the corroded wall of the oesophagus 
or stomach. General measures, such as central nervous stimulants, 
warnith, etc,, may be taken. 
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Piperazine and Quinic Acid. 

Several new organic compounds have been introduced of late years lus 
solvents of uric iicid in the tissues juid urine. The best known of these is 

/TIT I ^1.1 

piperazine or diethyleiidiainiho ; hjcM and hjsdtUne 

are nearly related bodies. The latest remedy is qiiinlo and^ wljieh 

is found in cinchona bark and in other plants ; its combinations with lithium 
citrate, urotropinc ami piperazine are known as nroaltiy ehhtofrophie and nidmaL 
Piperazine and its allies dissolve uric acid readily in the test-tube, much niore 
rapidly than lithium or borax, which are often prescribed for their solvent action; 
it was therefore hoped that these bases would prevent the deposit of uric acid in 
the body in gout by forming soluble urates, which wouhl be elijninatctl in the 
urine. But very little of the piperazine inge.st(Hl reappears in Ju* urine, and this 
quantity is too small to have any solvent action on the uric acid. And what 
does escape in this way is iu combination \vith the stronger aeids and not 
with the uriti acid. When the kidneys arc inflamtMl ami mHuused in birds 
through the action of chromic acid, the uric acid, which would normally be 
exorebod by the kidney, is deposited in various organs, but this does not 
occur except in the kidney if piperazine is administered. Thi.s lias been 
used as an argument iu support of the treatment of gout with ]>iperazino, 
and somi> clinicians have had very favorable results from it, wdiile others 
have been disappointed. It is said to relieve the discomfort due to the pas- 
sage of gravel in some cases, while failing in others, but it has not been 
shown to be of any value in the treatment of calculus, and the urine of 
patients ti’cate l with piperazine lias no more solvent action on uric acid than 
normal urine. Piperazine seems to induce no sym)>toms in man or animals 
even when administered in large quantith^s. 

Quinic acid lias been suggested as a treatment for gout on th(! theory that 
it would combine with glycocull in the body and thus preA-e.nt the fonnaiion 
of uric acid, a theory based on most unsatisfacjtory grounds. As a matttir 
of fact it has no etfect Avhatevcr on the amount of uric acid excreted. In 
shoi-t there is every reason to believe that these new remedies will jirove no 
more reliable than the older treatment of gout and tluj “ uric acid diathesis.^’ 

Piperazine, is given iu solution iu doses of 1 G, (15 grs.). 

XV THE ACETATE SERIES. 

As far as their immediate effects are concerned, the acetates of the fixed 
alkalies resemble the elilorides, owing any effect they iH>.sseH.s to the salt- 
action. In the tissues however the acetates are oxidized and form car- 
bonates, .so that the effects are tho.se of the chloride before absorption, and 
those of the carbonate subsequently. They aie probably partly decomposed 
by the hydrochloric acid in the stomach, and in the intestine they are rapidly 
absorbed. The oxidation scem.s to proceed rapidly, and is very complete, 
over 95 per cent, of the acetate disa{>pcaring, and f»nly some 2-3 per cent, 
being excreted unchanged in the urine. The alkalinity of the blood and of 
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the urine is increased by the acetates as by the carbonates, and the amount 
of urine is increased. 

The oxidation of the acetates, of course, supplies energy to the body and 
they are therefore foods technically, but they are unable to replace the fats 
and carbohydrates, as they fail to lessen the nitrogenous tissue change (com- 
pare alcohol, p. 141). Practically they are useless as foods, as when given 
in sufficient amount they derange the stomach in the same way as common 
salt and also alter the character and amount of the urine. 

The acetates seem almost devoid of specific action — ^they act only as salts 
by changing the physical properties of the body fluids or as alkalies after 
absorption. The other members of the acetate series have some action, how- 
ever, for the formate, propionate, butyrate and valerianate of soda have been 
shown to be very weak narcotics when they are injected hypodermically or 
intravenously ; this is especially marked in the case of the butyrate. Rather 
more of the formate escapes unchanged in the urine than of the acetate, 
while the others are apparently entirely oxidized. The butyrate differs from 
the acetate in being capable of taking the place of the carbohydrates and 
fats more completely, and in thus leading to an economy of the nitrogenous 
tissues of the body. ‘ 

All of the simpler salts of this series are equally rapidly absorbed from 
the intestine, but the oenanthylate and the caprylate resemble the saline 
cathartics in being very slowly absorbed. Probably this holds also for the 
higher members of the acetic acid series, including the salts formed by the 
decomposition of fats — palmitates, stearates, etc. 

The Lactates resemble the acetates in being almost entirely inactive, but 
they are rather more slowly absorbed than the acetates. They are oxidized 
in the tissues for the most part, and resemble butyrates in limiting the nitro- 
genous waste, at any rate when they^are given in moderate quantities. 
Lactic acid is also excreted in the urine, however, in considerable quantity. 

Preparations. 

Potasmi Acetas (IT, S. P., B. P.), a crystalline salt of pleasant, saline taste 
and very soluble in water. 1-4 G, (15-60 grs.). 

Sodii Acetal (U. S. 1*.) resembles the potassium salt. 

Ammonii Acetas, (See page 553.) 

Strontii Lactas (U. S. P.), 1-2 G. (15-30 grs.). 

Acetate of potash has been largely used as a diuretic and in the treatment 
of gout and rheumatism. It acts here exactly as the alkaline carbonates and 
bicarbonates, but has the advantage of not neutralizing the gastric juice, or 
in any way aflecting the digestion except from its salt-action, which may be 
minimized by exhibiting it in dilute solution. 

The citrates of the alkalies may be used for the same purpose, as they are 
not cathartic except in large quantities. (See Saline Cathartics, p. 536.) 
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XVI. AMMONIA AND CARBONATE OF AMMONIA. 

Ammonia solution and carbonate of ammonia differ considerably 
from the corresponding hydrates or carbonates of the fixed alkalies in 
their eflFects. The gas evaporates rapidly from its watery solutions, 
and the carbonate gives off ammonia freely, so that the effects 
are very similar, although the solution of ammonia is much the moi’e 
powerful. Owing to its volatility, ammonia penetrates' more rap- 
idly and deeply than the fixed alkalies, and at the same tync is less cor- 
rosive and less enduring in its effects. Applied^to the skin in concen- 
trated solution, it may corrode to some extent, but ordinary dilute 
preparations act merely iis rubefacients, like the volatile oils. Even 
concentrated solutions do not dissolve the epidermis like the fixed 
alkaline hydrates, but tend to penetrate through it and raise blisters. 
When inhaled, the irritation of the nasal mucous membrane causes a 
reflex stimulation of the vaso-motor centre, and consequent contrac- 
tion of the arterioles and augmented blood-pressure, while the respira- 
tion is first arrested, and then becomes deeper and fuller. The heart 
may be temporarily slowed by inhibitory reflexes. Three parts of 
ammonia in 10,000 of air cause sneezing, pain in the nose, and tears, 
when inspired by man, and 6 parts in 10,000 are dangerous when in- 
haled for some time (Lehmann). Ammonia is not absorbed by the 
lungs, and the symptoms arise only from the local irritation and subse- 
quent inflammation. 

Concentrated solutions cause corrosion of the mouth, oesophagus and 
stomach similar to that seen in poisoning with the fixed alkalies, but 
some of the vapor, passing into the respiratory passages, often sets up 
spasm of the glottis, or such swelling of the mucous membrane of the 
larynx and trachea as to induce asphyxia. In cases of ammonia 
poisoning, therefore, the symptoms often arise, not so much from the 
gastric corrosion as from asphyxia, and death may occur very suddenly 
from this cause. The carbonate of ammonia, when swallowed, also causes 
slight gastric irritation, and in larger quantities nausea and vomiting. 

After absorption ammonia and its carbonate are rapidly changed to 
urea, and thus differ from the fixed alkalies in not rendering the blood 
marc alkaline, and in having no effect on the urine except to increase 
the urea and thereby cause some diuresis. 

The carbonate of ammonia stimulates the central nervous system 
when it is injected into the blood in some quantity, but it is very 
doubtful Avhether either the hydrate or the carbonate has any such 
effect when absorbed from the stomach. (Cf. Ammonium Chloride, 
page 496.) 

Preparations. 

Aqua Ammonise Fortior (U. S. P.), a solution of ammonia in water, con- 
taining 28 per cent, of the gas by weight. 

Liquor Auimonise Fortia (B. P.), 32J per cent, by weight. 

Aqua Ammonm (U. »S. P.), Liquor Ammonisa (B. P.), an aqueous solution 
of ammonia of 10 per cent, strength by weight. 
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^irUu8 Ammonm (U. S. P. ), ati alcoholic solution of ammonia containing 
10 per cent, of the gas by weight. 1~2 c.c. (16-30 mins.). 

Spikitus Ammonia Aromaticus (U. S. P., B. P.), Aromatic Spirit of 
Hartshorn, Spirit of Sal Volatile, contains ammonia and ammonium carbonate 
along with several volatile oils dissolved in alcohol. 1-4 c.c. (16-60 mins.), 
in a glass of water. 

Linimentum Ammonise (U. S. P., B. P.), ammonia liniment, volatile lini- 
ment, contains about 3.6 per cent, of ammonia (2,5 per cent. B. P.). 

Ammonii Carbon as (U. S. P., B. P.) is not the pure carbonate but a mix- 
ture of somewhat varying composition consisting of carbonate (NH^HCOg) 
and carbamate of ammonia (NH^NHgCOJ. It releases ammonia in the air 
and has therefore its pungent taste and smell. It forms translucent, crys- 
talline masses, is very soluble in water and is contained in the aromatic 
spirit of ammonia. 0.2-0. 6 G. (3-10 grs.) in dilute solution. 

Ammonia is contained in several of the tinctures of the B. P. (ammoniated 
tinctures) and in the Linimentum Camphorse Ammoniatum, etc. 

Therapeutic Uses. — The aqueous solutions of ammonia are compara- 
tively rarely employed, although the strong solution has been advised 
as a vesicant in cases of renal disease, in which cantharides is contra- 
indicated. The ammonia solution has to be covered by a watch-glass 
in order to prevent its evaporation, and is said to be more painful 
than other vesicants. The liniment is used as a rubefacient in bruises 
and in other similar conditions. The gas arising from ammonium 
carbonate is often inhaled in cases of fainting or collapse, in order to 
elicit reflex stimulation of the medullary centres. The ordinary 

smelling salts used for this purpose consist of the carbonate reinforced 
with some of the strong solution and flavored with oil of lavender. 

The aromatic spirits of ammonia and the carbonate (in solution) are 
used as mild gastric stimulants in debility, flatulence and alcoholism, 
and are very efficient for a short time. Large doses of the carbonate 
(2 G.) have been used as emetics, and are less depressant than many 
others, such as tartar emetic or ipecacuanha. 

The carbonate of ammonia and the epirits or even the ordinary 
water of ammonia are often given in cases of collapse or sudden heart 
failure. They are generally administered by the mouth and probably 
act here not directly on the heart and respiratory centre, as has been , 
supposed, but reflexly from gastric irritation. They have also been in- 
jected subcutaneously or even intravenously for this purpose, and here 
the local action may be reinforced by a direct action on the medulla 
'oblongata. The action lasts only a very short time, but is often suffi- 
cient to tide the patient over an acute collapse. In depression from 
many different causes the aromatic spirits of ammonia is a favorite 
remedy, and probably owes its value to its gastric action, and not to 
any changes in the central nervous system. The carbonate is often 
added to other expectorant remedies to render the bronchial mucous 
secretion more fluid. (See Ammonium Chloride, page 496.) 

Strong water of ammonia is applied locally in snake-bite, and is 
popularly believed to be very efficacious. It has no effect on the tox- 
albumins of snake poison, and probably is of little or no value in these 
cases. 
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The Acetate of Ammonia acts in the same way as the chloride 
locally, but undergoes oxidation in the tissues, and the whole is changed 
to urea, so that the ammonia of the urine is not increased, but only the 
urea. In the form of its solution, the spirit of Mindererus, it is used 
as a diaphoretic and diuretic, and is often prescribed along with more 
powerful remedies in fever. 

Preparations. 

Liquor Ammonii Acetatis (U. S. P., B. P.), spirit of Mindcrems, contains 
about 7 per cent, of the acetate with some free acetic acid and carbonic acid 
and must be freshly prepared. 10-25 c.c. (2-6 fl. drs.). 

Liquor Ammonii (B. P.) resembles the solution of the acetate. 

2-6 fl. drs. 


XVII. OXALATES. 

The oxalates (NaOOC — COONa, sodium oxalate) differ from the acetate 
series is not undergoing oxidation in the tissues, and in being poisonous to 
most forms of living matter. This poisonous action is shown in the frog by 
depression and final paralysis of the central nervous system, the brain being 
first affected, then the medulla oblongata and spinal cord. Later still, the 
terminations of the peripheral Iler^^es and the muscles and heart are para- 
lyzed, twitching and fibrillary contractions of the voluntary muscles often 
being observed first. 

In mammals there is apparently at first a stimulation of the medullary 
centres, for rapid, deep breathing occurs in the rabbit, and vomiting and 
nausea in the dog, and according to some observers, the arterial tension is 
firsts increased through stimulation of the vaso-motor centre. Later the 
movements are wanting in coordination, the respiration becomes slow and 
dyspnoeic, the heart is weak, and the animal becomes comatose and dies, 
sometimes in convulsions. 

In cases of oxalate poisoning in man, the early symptoms are great mus- 
cular weakness, twitching of the muscles, especially of those of the face, 
more rarely convulsions ; later there follows collapse with a weak, fluttering 
.pulse, pallor or cyanosis, coma and death. 

Oxalates are veiy poisonous to all forms of animal life and to jdants con- 
taining chlorophyll, but are harmless to the moulds, bacteria and some algm. 
They are absorbed with great difficulty from the stomach and intestine, and 
cause irritation and effusion of liquid except in very dilute solutions. Added 
to the blood outside or inside the body, they prevent its coagulfition, and the 
rennet ferment also fails to coagulate milk in the presence of small quanti- 
ties of oxalate (see Calcium,). The frog^s heart is very much weakened by 
the addition of oxalate of soda to the blood perfused through it, while the 
mammalian heart is not affected by very small quantities, but if the injection 
of oxalate be continued, becomes suddenly weaker. The action on the cen- 
tral nervous system has been mentioned already, and consists in depression, 
which is sometimes inteimixed with, or preceded by symptoms of stimulation. 

When the ordinary nerve-muscle preparation is soaked in oxalate solution, 
the same twitching and tremor of the muscle is observed as when the salt is 
injected into the frog. Later the nerve ends are paralyzed, and the nerye 
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fibres lose their irritability, as is indicated by the disappearance of the elec- 
trical. current of action. The muscle is extremely weak, and according to 
several observers, loses its irritability, while Locke finds that it can be made 
to contract locally by strong currents, even after being soaked for several 
hours. The post-mortem rigor does not seem to be prevented by oxalate as 
has been stated by some observers. 

Oxalate solutions precipitate lime salts, and as it is well known that lime 
is an essential constituent of living matter, it has been suggested that the 
oxalates cause these changes in the organism not through any direct action 
on protoplasm, but through their precipitating the calcium and thus chang- 
ing its ordinary relation to the proteids. This explanation has been sup- 
ported by the discovery that calcium salts added after oxalates restore the 
lost function in many cases, although this of course admits of the explana- 
tion that the calcium merely throws the oxalate out of solution, and does not 
really supply fresh lime to the tissues. The presumption is strong however 
that the action of the oxalates is due, at any rate in part, to their precipi- 
tating the calcium in the tissues, although they may have a specific action 
on living matter in addition. 

The alkalinity of the blood was found to be much reduced by the admin- 
istration of neutral oxiilates (Meyer), and it has been surmised that this is 
because the oxidation of the tissues is retarded by the presence of oxalates 
in the blood. This may account for the appearance of a reducing body in 
the urine of animals poisoned with oxalate ; it sometimes occurs in poisoning 
in man and is said not to be dextrose. 

Practically the whole of the oxalate ingested is excreted in the urine in 
the form of oxalate of calcium, and the insoluble crystals are often deposited 
along the urinary tubules and may stop them up entirely and thus cause 
anuria, congestion and inflammation of the kidney ; albuminuria is often the 
most marked symptom in slight poisoning in man. The deposits of oxalates 
often form white lines running from the base to the apex of the renal pyra- 
mids, which are quite evident macroscopically at the autopsy. Small oxa- 
late calculi have also been produced in the pelvis of the kidney, bladder, 
or ureter through the prolonged administration of oxalate or oxamide to 
animals. Not infrequently these renal changes are the only lesions found 
post-mortem in cases of poisoning with oxalates. 

The prolonged administration of oxalates to animals has been found to 
Induce changes in the skeleton, for sheep fed on plants containing much ox- 
alate, are found to have less lime in the bones than usual, and in rabbits 
symptoms of rickets are said to be induced from the lessened absorption of 
lime. 

The other members of the oxalate serieSj malonates (CH2(COONa)2) and 
succinates ((CH„)2(COONa)2), differ from the oxalates in being very much 
less poisonous, the fatal dose of malonate of soda being about twenty times 
that of the oxalate, and the succinate being almost indifferent. The malo- 
nate is almost completely oxidized in the tissues, and succinate disappears 
completely. It is significant that malonic and succinic acids form much 
more soluble salts with lime than docs oxalic acid. Both malonate and suc- 
cinate of soda are absorbed only slowly from the intestine, and act as saline 
cathartics. 

The oxalates are not used in therapeutics. In cases of oxalate poisoning 
the natural antidote is lime, which forms an insoluble precipitate in the 
stomach and may also relieve the symptoms induced by the withdrawal of 
lime from its normal combination in the tissues. At the same time large 
quantities of water and diuretics may be given in order to wash out the 
crystals of oxalate fi’om the urinary tubules. 
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^ xvin. Aoms. 

Some acids owe their activity in the organism almost entirely to 
their acidity, i. e., to the hydrogen ion, which is much more powerful 
than the potassium ion, but otherwise stands on the same plane with 
it ; those acids may therefore be treated of together. In tlie case of 
many other acids such as prussic or salicylic acid, the effects of the 
acidity or hydrogen ion are insignificant in comparison with those of 
the rest of the molecule or the negative ion, and these are ticatcd along 
with their salts. 

Action. — The acids owe theif action on living tissues to their neu- 
tralizing alkalies, to their withdrawing water, when in concentrated 
form, and to their precipitating some of the protcids, more especially 
the globulins. 

Most living matter is neutral or slightly alkaline in reaction, and 
seems to be incapable of existing in acid media. Exceptions are met 
with in some of the moulds and in other vegetaVde organisms which 
live in somewhat acid solutions, but even thesci ai*e destroyed by more 
concentrated solutions, perhaps becau.se the acids precipitate their pro- 
teids. Acids are therefore Protoplasm Poisons and antiseptics of vsoine 
power. Hydrochloric acid is found to delay the growth of organisms, 
and even to destroy the great majority of tlie less resistant fertns jh 
0.2-0.3 per cent, solution, or in the percentage in which it exists 
in the gastric juice. The others vary in strength largely accjording to 
their acidity, that is, according to tlie number of hydrogen ions, or 
the amount of dissociation. The anion has also some effect in many 
cases. 

When sulphuric or nitric acid is applied to the Skin in concentrated 
form, it acts as a powerful caustic, destroying the epidermis and pene- 
trating to some distance into the skin and subcutaneous tissues, in 
which it causes necrosis. This is of course accompanied by great 
pain, and if much of the skin is attacked, by shock and collapse and 
symptoms similar to those seen in severe burns. Sulphuric acid causes 
a white, later a brown or black eschar, nitric acid a yellow. Hydro- 
chloric acid is less liable to cause wholesale destruction of the skin, 
but penetrates the epidermis and raises blisters. The organic acids 
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and phosphoric acid are still less irritant, but cause redness and even 
blistering when applied in concentrated solution. Dilute solutions of 
the acids may act as slight irritants to the skin, and often cause a feel- 
ing of stiffness and numbness, perhaps from precipitating the proteids. 

The corrosive action of the acids is much more marked when they 
are applied to the less resistant Mucous Membranes. Even small quan- 
tities of strong sulphuric acid striking the eye are sufficient to destroy 
the si^t. 

In the Mouth, CBsophagus, and Stomach the corrosive action is evi- 
denced by complete destruction of the mucous membranes which come 
in contact with the strong acid. The oesophagus and stomach may be 
perforated, and this, along with the shock and collapse, often proves 
immediately fatal, or if the patient recovers temporarily, the erosions 
may give rise to cicatricial contractions and death from inanition. 
Hydrochloric acid and the stronger organic acids are capable of caus- 
ing corrosion of the mucous membranes, but this is not so extensive 
generally as that following nitric and sulphuric acid. The corrosion 
from acids differs from that from alkalies, in the tissues being shrunken, 
hard and brittle, while after a caustic alkali they are soft and swollen 
and have a slimy soapy appearance. 

The symptoms of corrosive acid poisoning are intense pain in the 
mouth, throat and stomach, vomiting and often diarrhoea, shock and 
collapse, with rapid, weak pulse and shallow respiration. The tem- 
perature is often subnormal, and death* occurs in the course of a few 
hours. When fuming acids are swallowed, and especially in poisoning 
with hydrochloric acid, the irritant vapor passing into the respiratory 
passages may cause spasm of the glottis, or oedema of the larynx, and 
prove immediately fatal from asphyxia. Even one part of hydro- 
chloric acid vapor in 20,000 of air causes sneezing and pain in the 
throat and chest (Lehmann). 

Dilute solutions of the acids have a characteristic taste, and induce a 
reflex flow of saliva and an astringent feeling in the mouth and throat 
from their causing a coagulation of the superficial layers of proteids. 
In the stomach they displace any weaker acids from their combinations 
with bases, and may have some antiseptic action. The gastric juice is 
normally acid, containing about 0.2 per cent, of free hydrochloric acid, 
and this acid reaction is essential to the action of pepsin. Other acids 
may replace the hydrochloric acid in digestion, and a good deal of 
work has been done in determining the relative value of the acids for 
this purpose. This is done by adding different acids to solutions of 
pepsin in test-tubes, and noting the amount of fibrin or other proteid 
which is digested in the course of a number of hours. These experi- 
ments have shown that hydrochloric is better than most other acids, 
but is perhaps surpassed by hydrofluoric and oxalic acids ; but the re- 
sults seem to vary with the particular pepsin used, that obtained from 
the dog and calf differing somewhat in its relations to acids from that 
; of the child. Their poisonous action precludes the use of either flu- 
oric pr Qxalic acid in the stomach, and the other acids seem inferior to 
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hydrochloric acid, so that both clinical experience and experiment 
point to the last as the most suitable acid for use in the stomach. 

The acids are absorbed from thf alimentary canal fairly rapidly m 
most cases. In the Blood and Tissues they do not exist as acids but 
as salts, for the reaction of the blood must remain slightly alkaline 
throughout life, and if sujfficient acid be given to neutmlize the alka- 
lies of the body, the animal dies before the blood becomes neutral, al- 
though after death it may be found to be acid. The means provided 
by the economy to neutralize acids differ in different animals ; in the 
herbivora the fixed alkalies of the blood and tissues are called upon 
chiefl^y, and if more acid be absorbed than can be neutralized by these, 
the animal dies ; in the carnivorous animals and in man, a further pro- 
tective mechanism exists, for in these ammonia is liberated by the tis- 
sues, and serves to neutralize the acid, and thus saves the fixed alka- 
lies. The difference is r(?lative and not absolute, however, for the 
herbivora also develop some ammonia, and the carnivora employ some 
of the fixed alkalies to preserve the normal reaction of the tissues. 
Man appears to stand midway between the two classes, for while am- 
monia appears in the urine after acid absorption, the fixed alkalies are 
also present in excess. Much larger amounts of dilute acids may 
therefore be absorbed without serious symptoms by man and by the 
carnivora than by the herbivora. The explanation of this difference 
between the flesh-eating and the plant-eating animals is to be found in 
the nature of their food. The fltish-eaters are accustomed to the for- 
mation of some acid in their tissues, because the alkalies of their food 
are insufficient to neutralize the acids formed by the oxidation of the 
organic mutter, and they would gradually be deprived of all their al- 
kaline salts, therefore, were they not ])rotected by the formation of 
ammonia. On the other hand, the herbivorous animals absorb much 
larger quantities of the organic salts of the alkalies in their food, and 
these forming carbonates in the body, serve to neutralize what acid is 
formed in the tissues. In ordinary circumstances, therefore, they have 
no need to protect the fixed alkalies, and are unprovided with any 
mechanism for this purpose. When an excess of acid is absorbed, 
they neutralize it by means of the fixed alkali of the tissues and blood, 
and this leads to a lessened alkalinity of the blood, which becomes 
unable to carry so much carbonic acid from tlie tissues to the lungs. 
Thus in acid poisoning in rabbits, the alkalinity of the blood has been 
found to be so greatly reduc(5d that instead of containing some 25 vol- 
umes of carbonic acid per cent, of blood, it carried only two volumes 
per cent, or very little more than could be dissolved in the same 
amount of water. When this occurs, the tissues are unable to rid 
themselves of their carbonic acid,‘ and a scries of symptoms follow, 
commencing in deep, labored, rapid, afterXvards shallow respiration ; 
the heart is weak, a condition of collapse follows, and eventually the 

^This is the explanation universally adopted, butlx)e\vy and Munzer have recently 
shown that some additional factor is involved in the action of acids on herbivora, 
Spiro states that in some cases the acid is excreted in the urine with greater didiculty 
in the herbivora tlian in the carnivora. 
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respiration ceases, the heart continuing to beat for some time longer. 
The quantity required to poison a rabbit in this way is about 1 G. of 
hydrochloric acid for each kilogm. body weight. The injection of 
sodium carbonate, even in the last stage of intoxication, is followed by 
rapid recovery, from more alkali being supplied the blood and tissues,, 
while other carbonates are not so useful owing to the action of the 
basic ion. The blood-pressure in rabbits is much reduced by the acids, 
from depression of the vaso-motor centre and the heart. In carnivora 
and man, the absorption of dilute acids does not alter the alkalinity of 
the blood to any marked degree, and no serious symptoms arise from 
this cause. 

The salts formed in the blood and tissues after the absorption of 
acids are rapidly Excreted by the kidneys, which however retain as 
much alkali as possible in the body and thus excrete the salts in an 
acid form. Hence there arises in some cases irritation of the kidneys, 
with albumin, and even blood, in the urine, which is rendered more acid 
than usual and causes a sensation of heat and smarting in the bladder 
and urethra. In the herbivora the reaction changes from alkaline to 
strongly acid, and large quantities of the salts of the alkalies appear, 
while in the carnivora some increase in the sodium and potassium of 
the urine occurs along with a much greater increase in the ammonia. 
The totjil nitrogen is somewhat increased from the large amount of 
ammonia, but the urea is slightly decreased. Some authors have found 
an augmented excretion of lime in the urine, while others state that it 
is less than usual. 

Not infrequently fatty degeneration of the heart, liver, muscles or kidney 
has been obseived in corrosive acid poisoning, when the patient survived 
for a few days, and Fraenkel and lieiche found a form of necrosis of the renal 
cells in these cases. These changes are not due to free acid in the blood, 
but their exact cause has not been satisfactorily determined. 

The prolonged treatment of animals with acids has been found to be fol- 
lowed by aniemia and loss of flesh and strength, which are probably attri- 
butable to the disturbance of the digestion and not to any specific action of 
the acids. 

Acids applied directly to the living tissues lessen their vitality, and un- 
less there is sufiicient alkali present to neutralize them, soon destroy it 
entirely. In some cases they tend to cause a temporary increase in activity 
at first ; thus the cilia of ciliated epithelium have been found to move more 
rapidly at first in very dilute acids and then to cease all movement, while 
muscle seems to be rendered weaker and less irritable at once. As in the case 
of alkalies, Loeb finds that dilute acid causes muscle to imbibe more water 
than salt solution does, and Hamburger finds that the red blood cells are 
increased in size by the addition of small quantities of acid to the blood out- 
side the body. The frog’s hcait is weakened and dilated by the addition of 
acid to a perfusing solution, and the muscular wall of the vessels also re- 
laxes. The addition of acids to the blood tends to agglutinate the red cells and 
to form methsemoglobin. 

Therapeutic Uses. — The acids are used in medicine only to a limited 
extent, and some of the official preparations might well be dispensed 
with. 
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They may be employed to give flavor to draughts in fever and in the thirst 
of diabetes, the most popular forms being those formed fimi fruits, such as 
lemons, limes, or grapes. The taste is due to the sugars, acids, and volatile 
oils of the fruits, and is modified by the presence of inert colloid substances, 
such as the pectins. The acids, of which citric, tartaric and malic are the 
chief, are very important factors in the effect, for if these be neutralized, the 
fruit juices become insipid, and do not quench thirst so thoroughly. The so- 
called grape cure, in which veiy large quai;tities of grapes are eaten, owes 
most of its value to the large amount of water taken, although the acids and 
salts may act as aperients in the same way as the saline cathartics. Instead 
of the fruit juices, carbonic acid watei*s may be advised, and occasionally 
other acids, such as phosphoric or sulphuric, arc prescribed to give flavor. 

Acids are also used in certain forms of dyspepsia in which the hy- 
drochloric acid of the stomach is deficient. Hydrochloric acid is most 
frequently prescribed for this purpose, although nitric and iiitrohydro- 
chloric acids have also some reputation ; the hydrochloric acid is 
certainly more efficient than these in test-tube experiments on di- 
gestion. The forms of dyspepsia thus treated are generally those aris- 
ing from a sedentary life or in the course of convalescence, and the 
acids are often prescribed along with the bitter stomachics and are to 
be taken about half an hour before meals. Irritation of the stomach, 
or hyperacidity of the gastric juice is of course a contraindication. 

In cases of alkaline poisoning, the acids are the natiu’al treatment ; 
the organic acids should be preferred for this purpose, as they are less 
liable to cause additional corrosion, and acetic acid in the form of vine- 
gar is more likely to be at hand" than any other. 

In every case in which acids are prescribed internally, they have to 
1x5 given largely diluted, as otherwise they irritate? the throat and 
stomach. They are taken through a glass tube, in order to prevent 
as fiir as possible their action on the teeth. 

Strong acids have some effect in arresting haemorrhage (styptics) 
when applied directly to the bleeding point, but are much inferior to 
some of the metallic salts, such as the iron perchloridc. 

Externally, the acids are used to some extent as corrosives, strong 
nitric acid being not infrequently used to destroy small tumors, to 
cauterize the os uteri and for similar objects. Its action is more easily 
localized than that of potash and on the other hand is more powerful 
than the metallic salts such as silver nitrate and zinc chloride. In 
dilute solution, they are sometimes applied to the skin to lessen ex- 
cessive local sweating and diluted vinegar is often used to sponge fever 
patients. 

In cases of corrosive Poisoning with acids, the first indication is te 
neutralize the acids as far as possible by giving alkalies. These ought 
not to be in themselves corrosive, and the best antidote is therefore 
the insoluble magnesia and magnesium carbonate. Lacking these, 
the most readily accessible alkali is the best, and the lime may be 
scraped from walls or ceiling, or chalk, soap, or wood ashes may be 
given. The walls of the stomach and oesophagus may also be pro- 
tected by giving milk or white of egg, or the acid may be rendered 
less corrosive by diluting it with large quantities of water. 
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Sulphuric Acid. 

Sulphuric acid is one of the most corrosive acids when it is applied in 
concentrated form, and often induces complete charring of the tissues, and a 
coal-black slough. 

Acidum Sulphuricum (U. S. P., B. P.), concentrated sulphuric acid, con- 
taining at least 92.5 per cent, by weight of absolute sulphuric acid U. S. P., 
containing 98 per cent. B. P. 

Acidum Sulphuricum Dilutum (U. S. P., B. P.) contains 10 per cent. IT. S. P., 
13.66 per cent. B. P. of absolute sulphuric acid. 0.6-2 c.c. (10-30 mins.). 

Acidum Sulphuricum Aromaticum (U. S. P.> B. P.) is an alcoholic solution 
flavored with ginger and cinnamon. The U. S. P. preparation contains 20 
per cent., the B. P. preparation 13,8 per cent, of sulphuric acid. 0.3-1 c.c. 
(6-16 mins.) in a glass of water. 

Sulphuric acid and its preparations are not largely used. It is occasionally 
appli(^ as a caustic, but nitric acid is generally preferred. Internally it is 
largely used as a prophylactic and remedy in lead poisoning, but it is prob- 
ably of little value here. (See Lead.) It has also been advised in a number 
of conditions, such as diarrhoea, cholera, night sweats, but has not proved 
efficacious in any of them. When prescribed internally the aromatic acid is 
the best form, but sulphuric acid could be dispensed with entirely in thera- 
peutics. 

Nitric Acid. 

Nitric acid is equal or superior to sulphuric in its corrosive action. It stains 
the skin and tissues a bright yellow or yellowish-brown, and this servers to dis- 
tinguish cases of poisoning under the two acids. 

Acidum Nitricum (U. S. P., B. P.) contains 68 per cent, of absolute nitric 
acid (HNO,,) (B. P. 70 per cent.). 

Acidum Nitricum Dilutum {JJ. S. P., B. P.) contains 10 per cent. U. S. P., 
17.44 per cent. B. P. by weight of absolute nitric acid. 0.6-2 c.c. (10-30 
mins.). 

A glass rod dipped in concentrated nitric acid is used as a corrosive. The 
dilute acid has been advised in dyspepsia, but is generally considered in- 
ferior to hydrochloric acid, and has been shown to be much less efficient in 
artificial digestion. It has also some reputation in certain liver diseases, 
but is supposed to be inferior to the nitrohydrochloric acid. Nitric acid is 
occasionally used in some intestinal conditions accompanied by diarrhoea. 
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Hydrochloric Acid. 

Hydrochloric acid is less corrosive than the two preceding acids, and 
tends to cause blistering on the skin rather than necrosis. It may cause 
actual loss of substance, however, when applied to the mucous membranes 
jiii concentrated form, and stains the mouth a whitish color. 

Acidum Hydrochloricum (U. S. P., B. P.), muriatic or hydrochloric acid, 
contains 31.9 per cent, by weight of the gas HCl. (B. P. 81.79 per cent.) 

Acidum Hydrochloricum JDilutum (U. S. P., B. P.) contains 10 per cent. 
(B. P. 10.58 per cent.) of hydrochloric acid gas. 0.3-2 c.e. (5-30 mins.) in 
a glass of water. 

Concentrated hydrochloric acid is scarcely used in thei*apeutics. The 
diluted acid is often prescribed in dyspepsia in which there seems to be a 
deficiency of the natural acid secretion. In cases of diarrluBa in which 
excessive putrefaction of the intestinal contents is i)reseut, it may be of 
benefit when prescribed along with other drugs ; this action is probably 
explained by its disinfecting the stomach contents, as the hydrochloric acid 
of the gastric secretion normally does ; for the double sulphates of the urine 
certainly diminish under its use in many cases. It is said that hydrochloric 
acid prevents tlie lactic fermentation in 1 : 1,000 dilution, and tliat in addi- 
tion to its action on the digestive ferment it increases the pei*istalsis of the 
stomach. 
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Hitrohydrochloric Acid. 

Nitrohydrochloric acid is formed by mixing hydrochloric and nitric- acid, 
and contains not only the original acids, but a number of decom])osition 
products, such as chlorine, uitroxychloride (NOCl) and nitrous acid. The 
strong acid (aqua regia) is the most powerful solvent and oxidizing agent 
known, dissolving such refractory metals as platinum and gold. 

Acidum NUrohydrochhriemn (U. S. P.), nitromuriatic acid, aqua regia, is 
formed by mixing 180 i)artsof nitric acid with 820 parts of liydrochloric acid. 

Acidum JSitrohydrochloricum IHlutum (U. S. P.) is Ibriacd by mixing 40 c.e. 
of nitric acid w’ith 180 of hydrochloric and diluting the whole to one litre. 
0.5-1 C.C. (5-15 mins.). 

Acidum Nitrohydrochloricum Diluium (B. P.) is formed by mixing 0 parts 
of nitric acid and 8 i)arts of hydrochloric acid with 50 of distilled water. 
5-20 mins. 

The diluted acid alone is used in therapeutics, and does not seem so eflici(*nt 
in ordinary dyspepsia as the dilute hydrochloric acid, but has some reputation 
in the treatment of liver diseases and jaundice, though no explanation of its 
action in these conditions has been olfered. The acids caiim>t act as such 
except in the alimentaiy canal, but in the nitrohydrochloric acid other con- 
stituents, such as chlorine, are present, and it is conceivable that some of 
these may have a specific efiect on the liver ; furtJier proof w'ould seem to 
be required, however, that the treatment is really of value. The acid is 
ordinarily given by the mouth, but some authorities advise that it be apjdied 
in the form of a foot-bath or of an ordinaiy bath, and others apply it in a 
eompre.ss over the liver. These external aj)plications are stated to be even 
more efficacious in hepatitis than the internal administration, and this serves 
only to strengthen the doubt of the value of the rem(*.dy, for it is contrary 
to all experience that such bodies should ho absorbed in any (jiiantity from 
the skin, and their local action as cutaneous irritants does not diller fiom 
that of other drugs. 

36 • 
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Phosphoric Acid. 

Phosphoric acid is much less corrosive and irritant than the other mineral 
acids, but in large, concentrated doses may cause gastro-enteritis. 

Acidum Phosphorwum (U. S. P.) contains 85 per cent., Acidum Phosphori- 
cum Concentratum (B. P.), 66.3 per cent, of absolute phosphoric acid (HgPO^). 

Acidum Phosphoricum Dilutum (U. S. P., B. P.) contains 10 per cent.,.U. S. 
P., and 13.8 per cent., B. P., of phosphoric acid. 0. 3-1.3 c.c. (5-20 mins.). 

Phosphoric acid has been used to some extent to form cooling draughts in 
fever. It has also been prescribed in various cachectic conditions on the 
theory that these were due to a deficiency of phosphates in the food and 
tissues ; but it has never been shown to be of any benefit, and experiments 
have proved that the animal tissues are unable to build up phosphorus 
compounds from the inorganic phosphates. 

Sulphurous Acid. 

Sulphurous acid differs from the preceding members of the group in 
its powerful reducing action, through which it becomes oxidized to sul- 
phuric acid, and which renders it strongly poisonous to protoplasm in 
general, quite apart from its acidity. Sulphurous acid anhydride is 
accordingly used to a considerable extent to disinfect rooms and furni- 
ture after infectious diseases ; for this purpose sulphur is burned in the 
room, which ought to be rendered as air-tight as possible, and the 
fumes are allowed to act for several hours before the room is ventilated. 
The value of this method of disinfection has been called in question, 
but there is no doubt that sulphurous acid gas is fairly germicidal when 
it is applied along with moisture. It is not capable of such a wide ap- 
plication as formaline, because sulphurous acid bleaches many coloring 
matters, and the procedure is open to the objection that it may lend a 
sense of security which is quite unwarranted, and may lead to the neg- 
lect of other measures. The disinfection to be of any value must be 
thoroughly carried out, and can only be applied to inanimate objects, as 
the fumes are fatal to the higher animals, even when much less concen- 
trated than are necessary to destroy bacteria. In order to be of service, 
at least one volume of SOg ought to be present in each hundred volumes 
of air, and even this concentration is insufficient to destroy the spores of 
bacteria. Novy ^ recommends 3-6 pounds of sulphur to be burned for 
each 1,000 cubic feet of space; the walls and floor should be sprayed with 
water, and the room must be kept perfectly closed for at least 20 hours. 

The chief symptoms of poisoning with sulphurous acid are those of 
irritation of the mucous membranes, and if the solution be swallowed 
these may not difler from those of the other acids. Sulphurous acid 
penetrates the tissues more rapidly than most of the others owing to 
its gaseous form, and does not cause actual loss of substance as sul- 
phuric acid does. 

In poisoning from the inhalation of the anhydride on the other hand, 
the symptoms arise chiefly from the respiratory tract. Even in five parts 
in 10,000 it acts as an irritant, causing sneezing, coughing and lachry- 
mation, and in somewhat greater concentration it becomes entirely ir- 
respimble : still smaller quantities in the air cause bronchial irritation 

^ Novy and Waite. Medical Kews, Ixxii., p. 641. 
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and catarrh^ when inhaled for some time. Sulphurous acid is neii- 
tralized and oxidized for the most part to sulphates in the tissues, or 
probably partly in the course of absorption. 

The solution of sulphurous acid of the pharmacopoeia is used to a 
limited extent as an antiseptic solution in skin diseases. It is more 
irritant to the broken skin than many other equally powerful antiseptics. 

Acidum Sulphurosum, IT. S. P. — A solution of not less than 6.4 per cent, 
by weight of sulphurous acid gas (SO^) in water. B. P., a solution contain- 
ing 6.4 per cent, of hydrogen sulphite (H^SOg) corresponding to 6 per 
cent, by weight of sulphurous anhydride (SOjj). 

Hydrofluoric Acid is strongly corrosive and prevents the growth of bac- 
teria in solutions of one per mille. After absori)tion it induces the specific 
fluoride action (sec page 625). 

Organic Acids of the Fatty Series. 

The organic acids have a much less marked local action than the inor- 
ganic, causing little or no corrosion unless when ajjplied to mucous surfaces 
in very concentrated form. They are absorbed as salts of the alkalies, but 
do not as a general rule reduce the alkalinity of the blood or render the 
urine more acid, becjiuse they are oxidized to carbonate.s in the tissues. Ox- 
alic acid is the chief exception to this rule, but the specific action of the ox- 
alates is powerful enough to conceal the acid action to a great extent. 

Acetic Acid applied in concentrated solution to the skin causes irritation 
and congestion and eventually blistering, but does not induce necrosis ex- 
cept of the most superficial layers. The congestion is often followed by 
marked pallor instead of by blistering ; and this has been explained by con- 
traction of the vessels, but may be due to a precipitation of the proteids of 
the skin. In the mouth and stomach it acts as an irritant, caujJing vomiting, 
great pain, collapse and even death ; the epithelium is found thickened 
and occasionally contains hasmorrhages. Dilute acetic acid (vinegar) has 
little effect apart from its acid taste, and is used largely as a flavoring agent 
and condiment. The prolonged use of large quantities may however give 
rise to gastric irritation and to loss of appetite and weight. 

Acidum Aceticum Glaciate (U. S. P., B. P.) (HC^KPa) is almost ahsoluto 
acetic acid (99 per cent.), and becomes crystalline at a temi)orature some- 
what below 15° C. (60° F.). 

Acidum Aceticum (U. S. P., B. P.) contains 36 per cent, of absedute acetic 
acid U. S. P., 33 per cent. B. P. 

Acidum Aceticum Dilutum contains 6 per cent, of absolute acetic acid 
U. S. P., 4.27 per cent. B. P. (Dilute acetic acid is used to form the official 
ace^a except the Acetum Cantharidis, B. P.) 2-8 c.c. (J-2 fl. drs.). 

Acetic acid is sometimes applied to the skin as a slight local irritant in 
contusions, and in very dilute solutions to cool the surface and to i)revent 
excessive local peispiration. It has been used as a styptics in slight haemor- 
rhage, and may be inhaled for this purpose in epistaxis. Vinegar is also 
inhaled in cases of fainting, in order to induce a reflex stimulation of the 
vaso-motor centre through irritation of the nostrils. In cases of poisoning 
with alkalies vinegar is often the most convenient acid and in addition is 
less likely to do harm than the inorganic acids. 

Acetic acid itself is not used as a corrosive, but one of its derivatives, tri- 
chloracetic acid (CCI3COOH), .has been employed with good results. 

Formic Acid resembles acetic acid in most points, except that it is more 
volatile and more irritant, that less of it is oxidized in the tissues, and that 
given in large quantities it is said to induce nephritis. It is not used in 
therapeutics. 

The other acids of the acetic acid series resemble acetic acid in their ef- 
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fects, but become less irritant as they become more complex end less easily dis- 
Bociated. ‘ 

Lactic Acid resembles acetic acid in its behavior in the organism (see 
page 650). It was suggested at one time that sleep following muscular ex- 
ertion was due to the lactic acid formed in the muscles, and this acid was 
therefore recommended as a hypnotic, but has been shown to be of no value 
for this purpose. Rickets, rheumatism and other diseases were also at one 
time attributed to the excessive formation of lactic acid in the tissues, but 
this theory is only of historical interest. Under the impression that lactic 
acid was the normal acid of the gastric digestion, it was at one time used in 
dyspepsia. 

Acidum Laetkum (U. S. P., B. P.) is obtained by the fermentation of milk 
sugar or grape sugar, and contains 75 per cent, of absolute lactic acid 
(HC^H^O,). It is a colorless liquid of strong acid taste. 

Lactic acid has been used recently as a caustic application to malignant 
ulcers and diphtheritic membranes. 

Oxalic Acid is frequently used as a poison by suicides, either as such or as 
the acid potassium salt (salt of sorrel or essential salt of lemons). Poisoning 
has repeatedly occurred from oxalic acid having been mistaken for magnesium 
sulphate, which it resembles in appearance. The symptoms are those of acid 
poisoning, along with the specific effects of the oxalates (see page 563). 
Oxalic acid is not used in therapeutics, although it has been said to bo bene- 
ficial in amenorrhoea. 

Tartaric Acid induces symptoms of gastric irritation when taken in large 
doses, and has been the cause of fatal poisoning in a few cases. It is slowly 
absorbed, and some of it escapes combustion in the tissues and is excreted in 
the urine in the form of the acid tartrate. (Sec Tartrates, page 535.) 

Acidum Tartaricum (U. S. P., B. P.) (HgO^HPg), colorless crystals very 
soluble in water. 0.3-1. 3 G. (5-20 grs.). 

Tartaric acid is prescribed with the carbonates and bicarbonates to form 
eftervescent draughts ; the tartaric acid ought to.be slightly in excess in or- 
der to lend its pleasant acid taste, the usual proportion being about eight 
parts of acid to seven parts of sodium bicarbonate. These effervescent mix- 
tures formed with the tartrates act as saline cathartics in large doses (see 
page 537). Tartaric acid may be prescribed in dilute .solution with sugar 
and a drop of volatile oil as a lemonade, which is cheaper than that formed 
with citric acid. 

Citric Acid resembles tartaric acid in its action, but appears less irritant, 
and no case of serious poisoning is recorded from its use. It is slowly ab- 
sorbed like tartaric, but seems to be almost entirely oxidized in the tissues. 

Acidum Citricum (U. S. P., B. P.) (HjC^HgO^ -{- HgO) resembles tartaric acid 
in its properties for the most part. O.S-l.S G. (5-20 grs.). 

SyrupuH Acidi OitHci (U. S. P.) is ordinary syrup to which one per cent, of 
citric acid and spirit of lemon have been added, and is used only as a flavor. 

Citric acid is used to form lemonades and effervescent draughts. For 
lemonade 2-4 parte of citric acid may be dissolved in 1,000 parts of water, 
some^ sugar and a few drops of volatile oil being added. For effervescent 
solutions about 8 parts of the acid may be prescribed along with 7 parts of 
bicarbonate ot soda, with directions to dissolve the two powders separately, 
mix the solutions and drink while effervescing. In large quantities this mix- 
ture acts as a saline cathartic j in smaller quantities it may be used to in- 
crease the alkalinity of the blood, and to render the urine less acid. (See 
pages 537 and 550.) 

Lime juice and lemon juice, which contain considerable amounts of free 
citric acid, are genemlly preferred to the pure acid for lemonades to quench 
the thirst. Lime juice has been found of great benefit as a prophylactic in 
the treatment of scurvy, but this is not due to the citric acid, but to some 
unknown property of the fruit juices. Citric acid has been used in rheumatic 
affections, without any marked improvement being elicited, according to the 
best observers. 
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XIX. CALCIUM. 

The salts of lime are present in very large amount in the tissues of 
animals, and considerable interest attaches to their absorption, excretion 
and general action. They form the great mass of the inorganic con- 
stituents of the bones and teeth of the vertebrates and of tlie shells of 
the invertebrates. In addition it has been shown of recent years that 
they are present to a considerable amount in the soft tissues and are, 
in, fact, essential to many forms of living matter, and to the activity 
of certain ferments. 

Calcium and the other alkaline ejirtlis differ from the alkalies in 
possessing comparatively few very soluble salts, and they seldom efiect 
such changes in the physical projxu’ties of the fluids of the body as 
have been described under salt-action and chloride of sodium. Even 
the soluble salts penetrate with greater difficulty into the various tissues 
of the body, which seem to have much less affinity for them than for 
the salts of the alkalies. They precipitate colloids, such as the proteids, 
in much more dilute solutions than the alkalies, and the precipitate is 
not redissolved by dilution with water. 

Action. — The soluble lime salts are Absorbed with great difficulty 
from the stomach and intestine, and retard considerably the absorption 
of fluid. They would presumably have a cathartic action were they 
not thrown out of solution very readily by the alkaline flinMs. In 
addition calcium forms insoluble salts with all of the cathartic acid 
ions, so that no such double effect can be obtained as is seen from mag- 
nesium sulphate. (See Saline Cathartics, page 631 .) The great pro- 
portion of the lime taken either in the food or as a remedy, uiKpiestion- 
ably leaves the body in the stools entirely unabsorbed, while a small 
quantity of it is taken up from the alimentary canal whether the lime be 
administered in a soluble or in an insoluble form. This small quan- 
tity circulates in the blood, probably in combination with proteids, and 
is slowly excreted, unless tliere is a deficiency in the supply of lime, 
when it may be utilized by the tissues. When larger quantities are 
thrown into the blood by intravenous or hypodermic injection, the 
calcium of the blood remains abnormally high for some time, but all 
the calcium thus injected is not in the circulation throughout its stay 
in the body. Some of it is temporarily deposited in some unknown 
organ, and is gradually withdrawn and excreted after the first excess 
is eliminated. 

The lime is Excreted in part in the urine, but for the most part 
through the epithelium of the large intestine. Abel and Muirhead 
have shown that some of the calcium ingested in the form of tlie hy- 
drate is excreted in the urine as calcium carbamate (Ca(C(JjjNHjj)jj) and 
probably other salts may be eliminattd in part at any rate in this 
form. The carbamate is a very unstable salt, and breaks up in the 
urine, freeing carbonic acid and ammonia, while the calcium forms the 
carbonate of lime ; the urine is often alkaline therefore, and smells 
strongly of ammonia. Calcium lessens the phosphates of tJie urine, 
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and therefore its acidity, by forming insoluble phosphates in the 
bowel, and thus preventing the absorption of the phosphates of the 
food. The small quantity of calcium absorbed from the alimentary 
canal has not been shown to have any action except in replacing the 
calcium compounds of the tissues. Except under special ’ circum-^ 
stances, the calcium of the food is always sufficient to supply the needs 
of the organism, so that lime salts given as remedies have after absorp- 
tion no specific action due to the calcium, but owe their activity to the 
anion exclusively. Thus, calcium bromide may have some effect if 
absorbed, but this effect is due to the bromide ion, and would be the 
same if an equal proportion of sodium bromide were taken up by the 
blood. In the same way calcium hydrate when absorbed owes its ac- 
tivity to its alkalinity (hydroxyl ion) and not to the calcium, and 
apart from the method of its excretion, has the same effect in the tissues 
as an equivalent amount of sodium hydrate. 

Soluble calcium jialts injected directly into the blood vessels seem to be 
poisonous, though further study of their action is required. They first 
accelerate and strengthen the heart, and in large quantities bring it to a stand- 
still, and also have a marked effect in contracting the vessels when perfused 
through them. They depress the central nervous system, causing narcosis and 
sleep, during which some authors state that the reflexes remain unaftfeeted, 
while others found them much depressed. These effects are absent when 
the salts are taken up from the bowel, mainly no doubt owing to their slow 
absorption, partly perhaps to their forming albuminous compounds in their 
passage into the tissues. » 

Lime Starvation. — Excess of calcium in the organism is therefore 
little to be apprehended from the ordinary methods of administration, 
and lime salts are not used in therapeutics to induce changes in the 
organism through their presence in excess in the blood, like other 
remedies such as morphine or strychnine. Another question arises, 
however, namely whether the organism may not be rendered abnormal 
by a deficiency in the supply of lime, and whether this deficiency may 
be remedied by the administration of calcium salts. 

The effects of a deficiency of lime in the food have been the subject 
of several very careful investigations, and while the adult animal does 
not seem to suffer greatly from a very considerable reduction of the 
calcium of the food, young growing animals have at the hands of some 
investigators developed marked abnormalities, resembling closely those 
observed in rickets and osteomalacia in the human subject. In lime 
starvation, as in rickets, there is a lessened deposit of lime in the 
bones, which retain their cartilaginous consistency and show other 
deviations from the normal condition ; in rickets the bones alone are 
involved, while in animals deprived of calcium the soft tissues also 
show a lessened content of lime salts. Deficiency of the lime in the 
food naturally affects young animals more than adults, because the 
former require much more calcium to build up the growing skeleton. 

The effects of the withdrawal of lime have been studied in some Iso- 
lated Organs. Thus Ringer compared the behavior of the frog^s heart 
when perfused with solutions of the salts of the alkalies with that of 
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one perfused with the same solutions to which minute traces of lime 
were added, and found that the eflQciency of the heart was much in- 
creased and that it survived very much longer under the latter condi- 
tions ; Locke has recently shown that a similar relation exists between 
the mammalian heart and the inorganic elements of serum. Lime salts 
exercise a similar effect in voluntary muscle, which survives much 
longer when perfused with siilt solution containing calcium than when 
sodium chloride solutions alone are used. Both the heart and skeletal 
muscle eventually cease to contract on electrical stimulation when per- 
fused with physiological salt solution, but recover again when traces of 
lime salts are added to it. In the same way, the irritability of the 
frog’s nerve persists much longer in salt solution containing a lime salt 
than in uninixed salt solution, and may be restored by the addition of 
lime, when it has disappeared after the prolonged action of the 0.6 
per cent, chloride of sodium solution. Ciliated epithelium continues 
to wave rhythmically much longer in lime solution than in distilled 
water, in which it swells up and rapidly loses its activity. This prob- 
ably explains the observation that some fish die very soon in distilled 
water but survive in water in which traces of lime are present. Ifirae 
is also necessary for the development of various ova ; for instance, frog 
spawn kept in water devoid of lime salts fails to develop, or develops 
abnormally. 

Lime salts are also indispensable in some processes which are not 
dependent on the presence of living cells. Thus rennet does not coagu- 
late milk except when a lime salt is present, jind the Coagulation of the 
Blood may be prevented by precipitating its calcium salts in the form 
of oxalates. Hammersten has recently shown that the lime salts are 
not necessary to tlie formation of fibrin, for this occurs in oxalate 
solutions if fibrin-ferment be added to fibrinogen. But the fibrin- 
ferment is not formed except in the presence of calcium salts, and when 
oxalates are added to the blood before this ferment is developed, they 
prevent its formation and hinder clotting. When lime salts are added, 
the ferment is liberated and coagulation occurs at once. In other 
words, lime is not necessary for the activity of the fibrin-ferment, but 
for its development from the prothrombin or zymogen, in which it ex- 
ists in the circulating blood. 

Other ferments act in the absence of available lime salts. Thus 
pepsin digests when instead of hydrochloric, oxalic acid is added to it, 
but it is unknown whether pepsin is formed from pepsinogen in the 
absence of lime. 

The higher organisms, both animals and plants, have thus been 
shown to require lime for some of their functions, and it is probably 
necessary for many others in which its importance has not yet been 
recognized. The lowest forms of life, however, including the bacteria 
and some of the moulds, seem to be able to live without it. In order 
to induce the effects of lime starvation, it is not always necessary to 
withdraw lime from the food, for they may be caused by the presence 
of any substance which prevents the dissociation of the calcium ion, 
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Thus, oxalate solutions added to the blood or milk, or to the nutrient fluid 
for perfusion of the heart, have the same effects as the withdrawal of 
lime. Food containing large quantities of oxalate salts has in some 
cases induced symptoms in animals resembling those of lime starvation, 
and it seems possible that some of the symptoms of fluoride action are 
also explicable from their precipitating the lime salts of the food and 
of the blood. 

In several instances a curious relationship has been shown to exist be- 
tween the calcium and potassium salts. Thus when a frog^s heart is per- 
fused with sodium chloride solution containing a trace of calcium, the move- 
ments are not entirely normal, the contraction being somewhat prolonged 
and the relaxation much retarded. If a trace of potassium chloride is added, 
however, the contraction becomes noimal in character. On the other hand 
the effect of potassium on the frog’s heart is antagonized by the addition of 
lime. The same holds true for voluntary muscle, the salts of calcium tend- 
ing to neutralize the effects of potassium, and vice versa, and in several other 
relations an antagonism has been observed between these two metals. (See 
Ringer.) 

Another question that has excited much interest recently is the relation 
between sodium and calcium. It has already been noted that tlie frog’s 
heart perfused with sodium chloride solution soon ceases to beat, but can be 
restored bj^ the addition of calcium and potassium to the circulating medium. 
The ordinary explanation (Ringer, Howell) is that the calcium and potassium 
are necessary to the activity of the heart and that wlien pure salt solution is 
perfused, these elements diffuse into it and are lost from the heart muscle ; 
this diflhsion is prevented if calcium and potassium be contained in the 
solution, and the heart, retaining the salts essential to its activity, continues 
to beat. Another explanation has been offered by Loeb, who supposes that 
the lime and potassium are not directly essential, but that they neutralize 
the poisonous effects of sodium. This poisonous action of sodium has not 
been generally recognized, but is well shown by the behavior of a small fish 
(fundulus) living in salt water, which can be transferred to distilled water 
without injury, thus showing that neither sodium nor calcium is necessary in 
its environment. But if it be put in sodium chloride solution of the same 
strength as sea water it dies, so that sodium is poisonous to it unless when 
antagonized by the other constituents of sea water ; tho essential elements 
are calcium and potassium, for when these are added to the injurious sodium 
solution, tho fish lives as well as in sea water. This series of experi- 
ments certainly forms a strong support for Loeb’s theory that calcium is not 
directly essential to rhythmic movement, but only neutralizes the effects 
of sodium. On the other hand, the calcium salts themselves are poisonous when 
they are not counterbalanced by sodium and potassium ; in this, as in many other 
instances, there must be maintained between the inorganic constituents of the 
surrounding fluid an equilibrium, such tis exists in sea water, in the case of the 
fundulus and in the blood plasma in the case of the heart and other organs. 

Tho salts of the alkaline earths are said to inhibit the haemolytic action of cer- 
tain serums, while those of the alkalies have not this effect when applied in the 
same concentration ; this may perhaps be connected with the tendency the former 
have to coagulate proteids. The formation of proteid combinations is apparently 
the explanation of the disappearance of lime salts when they are perfused through 
organs or when pieces of tissue are soaked in them. 

Therapeutic Uses. — Calcium salts are used in medicine for a number 
of different purposes ; thus the alkaline prepaiutions may be prescribed 
to lessen the acidity of the stomach, and the oxide may be employed as 
a caustic. But these owe their use, not to the calcium ion, but to the 
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other part of the molecule — the anion. As a matter of fact, calcium has 
no important effects of its own and is not prescribed for any action which 
it might have on the living tissues. The question has been raised, how- 
ever, whether calcium may not be given therapeutically to supply a 
deficiency of lime in the body. The particular conditions which have 
been treated on this theory are rickets and osteomalacia, in both of 
which there is unquestionably too little lime in the bones, and the treat- 
ment has been thought to be rational, because symptoms similar to 
those of rickets have been induced in young animals whose food con- 
tained too small a proportion of lime. In the case of rickets and os- 
teomalacia, however, there is no reason to suppose that the food is 
deficient in calcium ; in fact, children are said to be more liable to 
rickets when fed on cows’ milk than when nursed by the mother, al- 
though the milk of the cow contains more linn^. On the other hand, 
patients suffering from rickets absorb lime and excrete it again in ex- 
actly the same way as normal persons, and although their bones con- 
tain unusually small amounts of lime, the other tissues contain rather 
more, or, at any rate, not less than normal. Rickets is not due to a 
lack of lime in. the food, therefore, nor in fact, in the tissues generally, 
but to some abnormal condition which ju’events the lime salts from 
being deposited in the bones, although they are present in abundance 
in the blood. In cases of lime starvation similar symj)toms may ap- 
pear, but here the cause is the want of lime, which is not presented in 
sufficient quantities, although tlie bone-forming cells are ready to de- 
posit it. In this case the other tissues are also deficient in calcium as 
well as the bones. From these considerations it follows that lime salts 
are not likely to be of benefit in rickets (and the same holds true for 
osteomalacia), unless when it is due to lime starvation, a condition 
which is unlikely to arise in the human subject. Experience has 
demonstrated also that the lime salts are quite incapable of improving 
either osteomalacia or rickets. 

It has also been proposed to treat with lime ciises in which the blood 
seemed less capable of clotting than normally — particulai‘ly hemophilia 
and aneurism, and some improvement is said to have occurred in a few 
instances. Here again, however, it would seem to be very improbable 
that the absence of coagulation is due to deficiency in the lime salts, 
for much more is taken In the food than is sufficient for the organism, 
and the pharmacopoeial salts are not more easily absorbed than the 
combinations present in food. More recently the treatment has been 
extended to forms of bfemorrJiage in which there is no nuison to sup- 
pose that the coagulability of the blood is reduced — Inemoptysis, gas- 
tric and intestinal lijemorrhage. The value of the tniatnieut cannot be 
estimated accurately, owing to the tendency to sponhiueous arrest always 
present in these haemorrhages ; but the rcs^ilts, while not decisive, do 
not appear very encouraging. 

Another treatment of aneurism and hicmorrhage of recent introduc- 
tion is Gelatine administered by the mouth or hypodermically (100 
C.C. of a 1-5 per cent, solution). This is based on a series of experiments 
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which seemed to indicate tliat the coagulation of the blood is liastened 
by gelatine, but which have not been confirmed by later investigators, 
who have found, that while the blood sometimes clots more rapidly than 
usual in the presence of gelatine, as a general rule the process is not 
changed in rate. Gelatine has been used very extensively in the last 
few years, and some clinicians report favorable results, but in the 
hands of others it has failed to influence the course of the disease. 
Aneurism of the aorta, haemoptysis, gastric, intestinal, renal, and uter- 
ine bleeding have all been treated with gelatine with very doubtful 
benefit. In some cases gelatine has proved the channel of infection by 
tetanus. It has been applied to still local haemorrhage from the 
niouth and nose, but has been supplanted here by adrenaline. 

Geldtinum (U. S. P.), purified gelatine. OeMinum Glycerinatum (U. S. P.), 
gelatine impregnated with an equal weight of glycerin. 

Pkeparations. 

Caldi Chloridum (U. S. P., B. P.) (OaClg), a white salt with a sharp, saline 
taste, very delhiuescent and soluble in water. 0.3-1 G. (5-15 grs ). 

Calcium chloride is the salt which gives the least complicated calcium ac- 
tion, and is consequently seldom used, because, as has been explained, the 
calcium ion is of comparatively little service in therapeutics. It has a strong 
attraction for water and is therefore more irritant than the other chlorides 
of the alkalies and alkaline earths, and ought to be prescribed only in dilute 
solution. It is absorbed with great difliculty, and has been suggested in the 
treatment of some forms of dyspepsia and^in haemorrhage. 

Calx (U. S. P., B. P.) (CaO), unslaked lime,, is a corrosive and disinfectant, 
and js changed at once to the hydrate in the presence of, water. It differs 
from the caustic alkalies in the insolubility of its hydrate, which therefore 
fails to penetrate deeply and does not spread so widely as potassium and 
sodium hydrates. It is seldom employed alone as a corrosive, but mixed 
with potassium hydrate as Vienna paste (Potaasa cum Calce, U. S. P.) has 
had some popularity. 

It is used as a disinfectant where large quantities of organic matter have 
to be rendered harmless, as in epidemics, on battle fields and in the dejec- 
tions of large hospitals. It ought to be mixed with the matter to be disin- 
fected, as thoroughly as possible. Lime possesses the advantage over other 
disinfectants of being cheap and easily procurable in large quantities. 

Calcii Hydras (B. P.), slaked lime (Ca(HO) 3 ), may also be used as a disin- 
fectant. 

Liquor Calcis (U. S. P., B. P.), lime water, is a saturated solution of 
calcium hydrate or slaked lime and contains about 0,17 G. in 100 c.c. (i gr. 
in 1 oz. B. P.). It is a clear fluid with a saline and feebly caustic taste. 
80-100 c.c. {\-4l fl. oz.). 

Syrupus Calcis (IT. S. P.), Liquor Calcis Saccharatus (B. P.), syrup 
of lime, contains calcium hydrate kept in solution in water by sugar, with 
wliicli it is probably combined chemically. The amount of lime contained 
varies greatly, but is much larger than in lime water. The B. P. prepara- 
tion is said to contain nearly 2 per cent, by weight, or 8 grs. to the oz. 1-4 
C.C. (16-60 mins.). 

Linimentum Calcis (U. S. P., B. P.), lime liniment, or Carron oil, con- 
tains equal parts of lime water and olive or linseed oil. 

These preparations owe their activity chiefly to their alkalinity and 
not to the calcium, but difier from the hydrates of the alkalies in their 
insolubility and in their slow absorption. Lime water anil the syrup 
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are slightly caustic, more especially the latter, and tend to neutralize 
the gastric juice. They have an astringent effect in the intestine 
which has not yet been explained, but is probably due to their forming 
an insoluble compound with the surface proteids, in the same way as 
tannic acid, or to their being deposited as the carbonate or phosphate 
and thus protecting the epithelium from irritation. Lime water is 
used in some dyspeptic conditions, especially in vomiting. It is often 
added to milk in intestinal irritation in children and in typhoid fever, 
as it is found that milk thus treated coagulates in finer particles than 
when given alone, and is better digested and less liable to. disturb tlie 
intestine. Lime water or syrup of lime is also used as an intestinal 
astringent in diarrhoea, especially in children. As an antacid in the 
stomach, lime is inferior to magnesia and other alkalies, because it 
tends to delay the evacuation of the contents. Lime water has been 
used in rickets, which seems singularly irrational, for cows^ milk con- 
tains a somewhat higher percentage of lime. It has also been sprayed 
against the false membrane of diphtheria, which it is said to dissolve. 
Lime water is not applicable in cases of acid poisoning, as it contains 
much too little of the base to be serviceable, but the syrii]> may be 
used, or lime shaken up with water (milk of lime). The treatment 
with lime is specially indicated in cases of oxalate poi soning. 

Lime water has been used externally as a protective, mildly iistrin- 
gent application to ulcers, and the lime liniment has been largely used 
in the treatment of burns. It •derives its name of Carron oil from 
having been used for this purpose in the iron works at Carron. 

Calcii Carbonas Prsecipiialm (U. S. P., B. P.), precipitated chalk (CaCOj). 
1-4 G. (15-GO grs.), 

Creta Prmparata (U. S. P,, B. P,), prepared chalk, chalk x^urified by 
washing and susx>ension in water (CaCOj,). 1-4 G. (15-60 grs.). 

PuLVis CRErrvE Compositus (U. S. P.), a mixture of prepared chalk, sugar 
and acacia. 5-10 G. (1-2 di’s.), 

PULVis CRETiE Auomaticus (B. P.), aromatic chalk powder, contains 
chalk along with sugar and a number of carminatives belonging to the groux> 
of volatile oils. 10-60 grs. 

PuLVis CRETiE Aromaticus Cum Opfo (B. P.) is a mixture of 39 parts 
of the aromatic powder with one of opium, and therefore contains per 
cent, of opium. 10-40 grs. 

Mistura CreTwE (U. S. P.), chalk mixture, is chalk suspended in water 
by means of gums. 15-30 c.c. (J-l fi. oz.). 

The preparations of the carbonate of lime are used as antacids in 
hyperacidity of the stomach, esj^ecially when this is combined with 
a tendency to diarrhoea. The mixture or the aromatic powder B, P., 
is the form generally used, and may be prescribed with opium or with 
other astringents. Chalk has also been used in rickets. 

Externally, prepared chalk is used as a x^owder to protect irritated 
parts of the skin and occasionally in ulceration ; it is the chief in- 
gredient in most tooth powders. In older treatises on therapeutics, 
great virtues are asc ribed to various natural objects which are com- 
posed for the main part of chalk or other salts of lime, and among 
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which burned bones, coral, coralline, and cuttlefish bone may be men- 
tioned. 

Caldi Fhosphua PrsecipitaluB (U. S. P.), Calcii Fhosphaa (B. P.) (CaaCPOJj), 
a white insoluble powder. 0.3-1 G. (5-^15 grs.). 

SyrupuB Caldi LactophoBphatiB (IJ. S. P., B. P.), a preparation in which a 
soluble double salt of lime is contained in solution. 2-4 c.c. (J-1 fl. dr.). 

A glycerophosphate of calcium has also been advised recently. These 
phosphate preparations have been used in rickets and osteomalacia, and 
in phthisis and other tubercular diseases, but the best authorities are agreed 
that lime salts are of no value in rickets and osteomalacia (see page 673), 
and experience with them in tubercular conditions is not more encouraging, 

Calcii Bromidum (U. S. P.) (CaBr^) has been used as a substitute for the 
more commonly used bromide of potassium, and is administered in the sanie 
dose. It is more slowly absorbed and therefore inferior to the alkaline bro- 
mides, and is entirely superfluous. 

Calcii Sulphas Exsiccaiua (U. B. P.). — Dried calcium sulphate or dried gyp- 
sum contains 95 per cent, of sulphate of calcium (CaSOJ and 5 per cent, of 
water. It is used exclusively to foi*m immovable bandages in surgery (plas- 
ter of Paris bandages). 
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XX. BARIUM AND STRONTIUM. 

Barium is the most poisonous of the three common alkaline earths, but 
resembles the others in penetrating with difficulty into the epithelium of the 
alimentary canal, and is therefore absorbed very slowly. It has a charac- 
teristic action on many forms of muscular tissue, resembling closely that of 
veratrine, and the contraction of the frog^s muscle under barium is thus 
stronger than normally, and is very greatly prolonged. The frog’s heait 
beats more strongly, but more slowly from a similar action on the muscle 
fibres, and the walls of the stomach and intestine are thrown into violent 
contraction from the action of the metal on the unstriated muscle fibre. 
There is some question as to whether the central nervous system is acted on 
in the frog, but in the mammal barium salts injected intravenously cause 
violent tonic and clonic spasms, from their stimulating the spinal cord and 
medulla oblongata. The action on the alimentary canal induces vomiting 
and purging with very active peristalsis. The heart is. accelerated, and the 
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blood-pressure is enormously increased at first, and then undergoes slow 
undulations for some time. The increased tension may be due to the cardiac 
action in part, but is chiefly to be ascribed to a very marked contraction of 
the musqular walls of the vessels. The frog^s heart eventually assumes an 
irregular peristaltic form of contraction and ceases in systole, as in digitalis 
poisoning, and the changes in the mainmaliaii heart also resemble those 
caused by this series, r Barium in suflicient quantities finally paralyzes the 
central nervous system. In fatal poisoning in animals, luemorrhages have 
been found in the stomach, intestine, kidney and other organs. 

Barium is quite incapable of replacing calcium in its relations to living 
matter, and accordingly chloride of sodium solutions to which barium chlo- 
ride has been added do not tend to keep the frog’s heart active as do those 
oontaiiiing lime. Some authors hold that barium can replace calcium to an 
imperfect degree in the coagulation of the blood, but this is denied by othera. 
Potassium salts tend to neutralize the eflect of barium on the heart and mus- 
cles, the relation resembling that which they bear to lime. 

BariuTU is absorbed slowly from the intestine, and is found to be stored in 
the bones to some extent, and to be excreted in the urine and probably in 
the bowel. 

It has hceii snggesti'd as a treatment for diflertaif- forms of tremor, hut has 
seldom been used in i)raetieal thera]>enties. 
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Strontium is a comparatively iifert substance c‘vcn when injected directly 
into the blood, resembling calcium in its action in the body as far as is 
known, but being even less poisonous. It contracts the muscles somewhat, 
tends to lessen the dilation of the hetirt, ami prolongs the contraction of 
muscle, thougli only to a slight extent. It is absorbed very slowly from the 
intestine like the other alkaline earths, and is deposited in small (piantities 
in the bones of growing animals, espechilly when there is a (ielieieiicy of lime 
in the food. It is exereled in small quantities hy the urine, but mainly 
by the bowel. Strontium salts have been used to a. limited extent in thera- 
peutics, not for the eflect of the strontium ion, but for the bromide, iodide 
or salicylate effects of its salts. In view of the fact that the strontium salts 
are more slowly absorbed than the coiTcsj>onding ones of sodium and potas- 
sium, there would seem to he good grounds for abandoning their use. 

Pkei\\katk>a;s. 

D. S. P. — Sfrontii Bromidum (SrBr, filT/-))? P-4 (I. (30-60 grs.). 

Strontii lodidmn (Sri., H- 611,0), 0.3-1 G. (5-15 grs.). 

Strontii Ladas (Sr(C;H 50 ,).,' i 311,0), 1-2 G. (15-30 grs.). 


BlHLIOOIlAPJirV, 

See (Calcium, Barium. 

Wood. Anier. Journ, of Physiol., i., p. 83. 

Mendel and Tliacher. Ih'd., xi., [). 5. 

XXI. SULPHIDES AND SULPHUR. 

The ordinary snlphides of the alkalies are of little importance in 
themselves, as they are seldom used in therapeuticjs. The effect of 
hydrosiilphnric acid, however, apart from its local irritant action, is due 



674 iNOnGAmo 

to the sulphide which it forms in the blood, and the study of this 
powerful poison therefore involves a preliminary examination of the 
effects of the sulphides. Again, sulphur is in itself inert, but is 
changed to sulphides and hydrosulphuric acid in the alimentary canal, 
and the effects induced by its administration are due to these bodies, 
and not to the original element. 

Action. — The sulphides are very weak salts, for even carbonic acid is 
capable of liberating hydrosulphuric acid, and wherever they come in con- 
tact with it in quantity, there is a tendency to form free acid, which acts as 
a powerful local irritant ; it is not impossible that the sulphides have an 
irritant efTect of themselves in addition to that of the hydrosulphuric acid. 
The sulphides accordingly act as irritants in the stomach and bowel, and in 
the latter induce increased peristalsis and purgation. When injected sub- 
cutaneously in the frog, sodium sulphide causes a narcotic condition fi’om 
deiiression of the central nervous system, and in sufficient quantities weakens 
the skeletal muscle and the lieart, which continues to beat after complete 
paralysis has been obtained, but eventually ceases in diastole; Harnack has 
recently shown that; after the narcosis has lasted for some time, a new con- 
dition Ibllows, if only small quantities have been given, and especially if the 
frog is healthy and is kept cool. This consists in an enormous increase in 
the reflex irritability, which induces convulsions resembling those of strych- 
nine poisoning in their general character, but differing from them in lasting 
continuously for weeks or even months at a time. The animal lies in an ex- 
tended and tense condition tliroughout, and passes into complete opisthotonos 
on being touched. 

Sulphides injected intravenously in mammals induce violent convulsions, 
which seem to be of cerebral origin, for tl?ey do not occur in the hind limbs 
when the spinal cord is cut. The respiration is at first accelerated and later 
dyspnoeic and finally ceases, this along with the paralysis of the vaso-motor 
centre being the cause of death. The heart does not seem to be seriously 
affected except indirectly through the failure of the respiration and the fall 
of the blood-pressure. 

Sulphide solutions added to drawn blood reduce the oxyhsemoglobin at 
once, and give the blood a dark venous color. At the same time a compound 
of sulphide and hmmoglobin is formed, the chemistry of which is still very 
obscure, but which would seem to be more nearly related to methfiemoglobin 
than to haemoglobin. It is known' as sulpho-haemoglobin or as sulpho-met- 
hmmoglobin, and gives the blood a greenish color when a thin layer is ex- 
amined, while a thicker layer is dark red-brown. This sulpho-haemoglobin 
possesses a characteristic spectrum, marked by a dark line in the red to the 
left of the D line. Larger quantities give an olive-green color to the blood, 
and the si>ectrum of suliffio-haemoglobin disappears. When sulphides are 
injected into frogs, and more especially when sulphuretted hydrogen is in- 
haled, the blood gives the characteristic spectrum during life, but this does 
not seem to be the case in mammals, although sulpho-hmmoglobin is formed 
soon after death. The blood changes are not the cause of death in poison- 
ing, as was formerly supposed, but the direct action of the sulphides on the 
central nervous system. 

Sulphides absorbed into the blood are rapidly oxidized, and are excreted in 
the urine in the form of sulphates and of organic sulphur compounds of im- 
known constitution. Small quantities escape by the lungs, and give the 
breath the disagreeable odor of sulphuretted hydrogen, and according to 
some authorities, some is excreted in this form in the perspiration. 

The sulphides dissolve the horny epidermis and hair very readily when 
they are applied to the skin. If the application is continued, some irritation 
and redness is produced. 



Hydrosulphuric Acid (sulphuretted hydrogen, hydrogen sulphide (H^S)) 
differs from the sulphides in being a gas, and in its strong irritant propemes, 
.which it shares with other acids (see page 655). It has not infrequently 
given rise to poisoning, as it is formed in large quantities in the coui*se of the 
putrefaction of sulphur compounds, such as proteids. Sewer gas often con- 
tains it in quantity, and workmen employed in cleansing sewera or cesspools 
have often suffered from its efifects. When inhaled in concentrated form it 
is almost immediately fatal, the patient losing consciousness at once, and the 
respiration ceasing after a few seconds. In smaller quantities it causes im- 
mediate unconsciousness, lasting for several hours and then passing into fatal 
coma, which is often interrupted by violent convulsions. In both of these 
forms the symptoms are due to the direct action of the sulphides on the bmiu 
and medulla oblongata. Persons exposed to a very dilute vapor of sulphur- 
etted hydrogen suffer from local irritation of the eyes, nose and throat, indi- 
cated by pain and congestion of the conjunctiva, sneezing, dryness and sore- 
ness of the mouth and throat, and a reflex increase in the secretion of tears, 
saliva and mucus. Headache, dulness, giddiness and loss of energy are com- 
plained of ; the symptoms frequently appear only some time after the ex- 
posure to the poison. According to Lehmann, death in animals exi)Osed to 
these dilute fumes is due in part to cadema of the lungs caused by the local 
irritant action. He found that one part of hydrosulphuric acid in 6,000 of 
air was sufficient to induce symptoms in man, and that an atmosphere con- 
taining one part in 2,000 could be resjnrcd for only a short time, and gave 
rise to alarming symptoms ; he supposes that about one part of hydrosul- 
phuric acid in 1,000 parts of air is sufficient to poison man fatally in a very 
short time. 

The poisonous effect of sulphuretted hydrogen is due in part to its local 
irritant action, in part to its directly affecting the cmitral nervous system. 
The changes in the blood occur during life only after very concentrated gas 
is inhaled, although they may indicate the poison after death from more 
dilute vapor, for the tissues in general tend to assume a green color sooner 
after hydrosulphuric acid poisoning than in the course of ordinary putrefaction. 

Hydrogen sulphide is destructive to most forms of life, even when present 
in comparatively small amount. Even the microbes of putrefaction, which 
produce it themselves, are eventually killed by this gas, unless it escapes 
freely. 

PrEPA RATIONS. 

rotmsa Sulphurata (B. P.), liver of sulphur (llepar Bulphuris), is a mixture 
of polysulphides and thiosulphates, often conhtiriijig sulj>hatc of potassium. The 
greater part is formed of potassium trisulphide potassiiiiu tliio- 

Bulphate (K2S3O3). It is soluble in water and possesses an unpleasitut saline 
taste, and an odor of hydrogen sulphide, which is Ibrmed by its dccom])osition 
in water. 

(Jalx Sulphurata (U. 8. P., B. P.), sulphurated lime, is another impure 
preparation containing at lea-st 60 per cent, of calcdum monosulphide (CaS) 
(50 per cent. B. P.), with some calcium sulphate and charcoal. It forms a 
grayish powder, insoluble in water, and gives off hydrogen suliffilde. 0.015 
-0.06 G. (}-l gi\). 

These preparations are seldom used internally, and, in fact, the sulphur- 
ated potassium has been found to be a dangerous poison, from the hydrogen 
sulphide given olf by it in the bowel acting both locally and after absorption. 

Sulphurated potassium is used to a very limited extent as an external ajjpli- 
cation in certain skin diseases, particularly in acne, and to destroy skin 
parasites, such as that of scabies. It is used as an ointment (1 part to 10 
parts), and is somewhat irritant. 

Sulphurated lime is used occasionally to remove hair and horny excres- 
cences, both of which it renders soft and gelatinous, but its frequent use is 
liable to cause irritation. 
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Hydrogen sulphide has been used in the treatment of pulmonary, phthisis, 
the gas being applied by the rectum, but the treatment was followed in sev- 
eral cases by serious symptoms of poisoning, and has not been shown to be 
benedcial. Very small quantities only escape by the lungs. 

Many mineral springs contain hydrogen sulphide in small amount, and 
these have obtained wide celebrity in the treatment of various chronic res- 
piratory and skin diseases and in syphilis, gout, rheumatism and chronic 
metallic poisoning (lead, mercury). Most of these springs are hot, and it is 
open to question whether the small amount of the gas contained in the 
water is of any efficacy, and whether the heat of the water and the hygienic 
conditions are not the true cause of the improvement observed in these cases. 
Sulphur baths are also formed artificially by the addition of sulphurated 
potassium (2-8 oz.) to an ordinary hot bath ; a small quantity of acid is some- 
times added, in order to free the hydrogen sulphide more rapidly. 

Sulphur is in itself an inert body, but while much the greater portion 
escapes in the stools unchanged when it is swallowed, some of it forms 
sulphides in the mucous membrane of the intestine, and these cause 
irritation, increased peristalsis, and mild ])urgation ; in large quantities 
it has caused, in some instances, more severe symptoms with bloody evac- 
uations. The sulphides form some hydrogen sulphide, which gives 
rise to eructation. Some 10-20 per cent, of the sulphur taken by the 
mouth is absorbed as sulphide, which is excreted to a small extent by the 
lungs, giving the characteristic disagreeable odor to the breath, and to 
a much larger extent by the urine as sulphates and in organic combi- 
nation. In one experiment, Presch found the urea of the urine con- 
siderably increased (10 per cent.) un^ler sulphur, and Umbach found 
it increased by pure calcium sulphide ; whether, as this would suggest, 
the sulphides augment the nitrogenous waste as a general rule, can only 
be determined by further experiment. 

Applied to the skin in ointment, sulphur appears to be formed in 
part to sulphide, particularly if some alkali be added. 

Prepabations. 

Sulphur Sublimatum (IJ. S. P., B. P.), Flowers of Sulphur, sublimed sul- 
phur. 

Sulphur Lotum (U. S. P.), washed Flowers of Sulphur, is prepared by 
washing the sublimed sulphur with water and ammonia. These prepara- 
tions form fine yellow powders insoluble in water and very slightly soluble 
in alcohol. 1-4 G. (15-60 grs.) in powder or sometimes in tablets. 

Sulphur Prsecipitatum (U. S. P., B. P.), Milk of Sulphur, is prepared from 
sulphide of calcium by precipitation and forms a fine, almost white powder 
without odor or taste, insoluble in water, and only very slightly soluble in 
alcohol. 1-4 G. (15-60 grs.). 

Unguenium Sulphuris (U. S. P., B. P.), formed from sublimed sulphur, 
which is also contained in the Compound Liquorice Powder. 

Trochwcus Sulphuris (B. P.) contains 5 grs. of sulphur, 

Confectio Sulphuris (B. P.), 60-120 gi’s. 

Thilanin (non-official) is a mixture of lanolin and sulphur containing about 
8 per cent, of the latter, and has been proposed as a substitute for the oint- 
ment. 

Crude sublimed sulphur often contains arsenic and other impurities, and 
ought not to be used in thempeutics. The milk of sulphur is in a finer 
state of division than the flowers, and is said to be a somewhat more active 
aperient. 
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Sulphur is used as an aperient powder, and may be added to rhu- 
barb or magnesia for this purpose ; it causes a soft, formed stool, and 
seldom induces more than one evacuation. It is prescribed for chil- 
dren, and in cases of haemorrhoids, in which it is often very beneficial, 
not owing to any specific effect on the haemorrhoids, but because it 
renders the stool softer and less liable to cause irritation mechanically. 

Sulphur has been advised in a variety of constitutional diseases and 
in chlorosis, skin and joint affections, but it is impossible to state at 
present whether it has any effect in these apart from its improving the 
condition of the intestine. 

Sulphur ointment has been used in some skin diseases, particularly 
in scabies, but has been supplanted to a large extent by the balsam of 
Peru. It has been applied in powder to diphtheritic membranes. 
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Thiosinamine. — ^Thiosinamine (CS*NTf/NHC.,IIg) has recently been intro- 
duced into tlierapenties ill the treatnicnt <»f scar tissue of many dilfcreiit hirms. 
It is a comparatively inactive body in normal tissiu\s, but large doses in animals 
induce tremor, vomiting, weakness, and deep .^lecp with slow, «leep resjiiratioii. 
The central nervous system is lirst stimulated and then depressed. Fatal doses 
in animals induce (edema of the lungs and hydrothorax, and in frogs anasarca is 
generally present. Thiijsinarnine forms colorless, bitter, odorless (irystals whi<di 
are readily soluble in alcohol, Ies.s so in water. It is used to induce softening 
and absorption of cicatricial tis.sue in the .skin and inUirnal organs, and may lie 
applied locally as a 10 p(?r cent, plaster or ointimmt to the skin, but is mueb 
more frequently injected hypodermically in 15 percent, solution in alcohol, about 
1 c.(^ (15 mins.) being inj(x;te<l each day. Jt has also bcuxi given internally in 
capsules. Almost every form <»f cicatrix, whether following acute or eJironic 
inflammation or surgitial operation, has lK?eii treattnl with thiosinamiiKi, and 
many very favorable results have b(i!en reported. In most (»f tlujse cas(;H tliere 
was no possibility of verifying the results by direct observation, but more satis- 
factory evideiKMi has nxjently been adduced in cicatricial conditions in the eye*, in 
wdiich relief was obtained. No explanation of the action has as yet been 
suggested. 
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XXn. CHARCOAL. 

Charcoal, like spongy platinum and other porous bodies, possesses the 
property of accumulating gases in its interstices and thus ordinarily contains 
considerable quantities of oxygen. When brought into contact with decom- 
posing matter, the oxygen is released and hastens the oxidation of the putre- 
fying mass, while the gases arising from the bacterial action are absorbed by 
the charcoal which thus acts as a deodorant. It has no direct action on the 
microbes of putretiswition, but may by introducing oxygen favor the develop- 
ment of the aerobic organisms at the expense of the anaerobic. Besides 
gases, charcoal also absorbs many colloid bodies, such as the coloring matter 
of plants and proteids. 

Animal charcoal appears to possess no advantages over wood charcoal, 
and they both act when moist almost as efficiently as in the dry state. 

Charcoal has no appreciable effect on the economy, apart from its lessen- 
ing the eructation of gas and the flatulence in some cases. It passes through 
the stomach and intestine unabsorbed, and may in rare cases cause some 
mechanical irritation and increased movement. Charcoal given in a state of 
suspension to animals is said to have been found in the epithelial cells of the 
intestine and even' in the blood vessels, but does not have any effect attribut- 
able to its absorption in man. {Wild, Med. Chronicle, 1896.) 

Preparations. 

Carho AnirmluiJJ, S. P.), animal charcoal, bone-black, prepared from 
bone. 

Carho Animalis PurificafvH (U. S. P.) is prepared by boiling bone-black 
with hydrochloric acid in order to remove the lime and other impurities. 

Carho Ligni (U. S. P., B. P.) — Charcoal prepared from soft wood and 
finely powdered. 

Charcoal is used internally to remove the gases in flatulence and dyspep- 
sia, and is prescribed in powder or in the form of charcoal lozenges. It may 
be given in any quantity, but is most commonly prescribed in 4-8 G. (60- 
120 grs.) doses. It is employed externally as a deodorant in cases of foul 
ulcers, cancerous sores, or malodorous secretions from any source ; for this 
purpose it is added to poultices or used dry in bags of fine cloth. 

XXIII. BORACIC ACID AND BORAX. 

Boracic or boric acid (B(OH) 3 ) is a very weak acid, and it is doubt- 
ful whether the hydrogen ions or acidity play any part in its action, or 
whether the whole is not to be referred to the rest of the molecule. 
The ordinary sodium compound, borax, NagB/)^, is stated by some 
authors to be equally active, but is alkaline in reaction, so that the 
exact relative importance of the two ions of boric acid cannot be de- 
termined. 

Action. — Boracic acid and borax are only feebly toxic, but large 
quantities taken by the moutli cause gastric and intestinal irritation, as 
is evidenced by vomiting and purging, and even smaller amounts are 
said to act as mild aperients in some cases. In animals muscular weak- 
ness and collapse, and, it is said, nephritis and albuminuria have been 
elicited by the injection of poisonous doses. Moderate doses are with- 
out effect on the metabolism, but larger quantities (5-10 G. per day in 
dogs) increase the nitrogen excretion in the urine. In ordinary amounts 
borax doos: not affect the dige.stion and assimilation of food, but larger 
doscvS; increase the bulk of the faeces by retarding the absorption of the 
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proteids and fats.^ Both bomx and bomcic acid are rapidly absorbed 
by the bowel, and do not aflPect the intestinal putrefaction. 

Boracic acid has been widely used as an antiseptic dressing, and a 
number of cases of serious poisoning have been recorded from its ab- 
sorption. The symptoms arose in part from the alimentary canal, 
uneasiness in the abdomen, vomiting, diarrhoea, dryness of the throat 
and difficulty in swallowing ; sleeplessness, great muscular weakness 
and depression, dimness of sight, and headache were also complained 
of, and in severe cases collapse and death followed. The prolonged 
use of boracic acid, internally or externally, has repeatedly led to scaly 
skin diseases, eczema, psoriasis and alopecia. Pa|)ular eruptions and 
local oedemas and swelling of the skin appear, and a dark line on the 
gums, similar to that seen in lead poisoning, is stated to occur along 
with irritation of the mouth. These skin affections appear also when 
borax is used in large quantities as an antiseptic dressing. 

Boracic acid and borax are excreted in the urine, in which tney 
appear within a few minutes after ingestion ; over half the quantity 
taken is excreted within 12 houi*s, but afterward the elimination 
proceeds more slowly, so that traces maybe found in the urine for 
5 days or more. It is sometimes stated that the urine is increased 
by borax, but this is not borne out by experiment, and Chittenden and 
Gies found it actually diminished in amount; the reaction becomes 
alkaline after sufficient amounts of borax, as after any other alkaline 
preparation. Boracic acid and borax have some antiseptic power, for in 
per cent, solution almost all forms of bacilli stop growing; but they 
are not destroyed, even the delicate anthrax bacilli Ixung fourid capabhi of 
further growth after exposure to a 4 per cent, solution for 24 hours. 
Boracic acid is therefore valueless as a disinfectant, but has been used 
as an antiseptic dressing ; it has the advantage over many other anti- 
septics of inducing very little irritation and of being only slightly 
poisonous, but experience has shown that it cannot be used wdth im- 
punity in very large quantities. 

Preparations. 

Acidum Jioricum (U. S. P., B. P.), Boric or Boracic Acid (H^BOg), color- 
less crystals, with a hiintly bitter taste, soluble to about four per cent, in 
water, more so in alcohol and glycerin. 0.8-1 (1. (5-18 grs.). 

Glyoeritum Boroglycerini (U. S. P.), Glycerinum Acidi Bond (B. P.). Boro- 
glycerin is a compound formed by heating horic acid in glycerin, and the 
official glyceritum or glycerinum contains this dissolved in glycerin, about 
31 parts of boric acid being used to form 100 parts. 

Liquor Antisepticus (U. S. P.), containing 2 per v,o.ni, of boric acid, along with 
benzoic acid, thymol, eucalyptol, and oils of peppermint, wintergrceii and thyme. 

Unguentum Acidi Borici (B. P., U. S, P.), 10 per cent. 

Soda Boras (U. S. P.), Borax (B. P,), Borax (Na^^B^O^ f 1()H.,0) forms 
colorless crystals with a sweetish alkaline taste. It is soluble in water (10 
parts) to which it gives an alkaline reaction. 0.3-1.8 G, (5-20 grs.). 

Glycerinum Boracis (B. P.) (1 in 6). 

Mel Boracis (B. P.). 

* The brxly weight often falls under borax treatment, and this lias been attributed to 
augmented fat destruction by Rost and Riibner, who state that a corresponding iiicreaso 
in the carbonic acid elimination •- 
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Boracic acid has been used as a surgical antiseptic in solution (fbuf 
per cent.), ointment, or lint, and the solution of the acid or of borax 
is also used as a wash in aphthe and other forms of irritation of the 
mouth. Boracic acid solution has been given internally in dilute 
watery solution as a genito-nrinary disinfectant, has also been injected 
into the bladder, and is frequently used in ophthalmic surgery, as be- 
ing less irritant to the eye than the more powerful antiseptics. In 
internal medicine the acid and the salt have been used in epilepsy, and 
also in the hope of dissolving uric acid calculi, but have not been 
shown to be efficient for either purpose. Boracic acid and borax are 
sometimes added to milk or other food as preservatives, and it has 
been much discussed whether the habitual use of such preserved foods 
is likely to prove deleterious to the health. The general result of the 
investigations is that while no preservative should be added to food 
unless it is absolutely unavoidable, boric acid is less liable to derange 
the health than most other preservatives. Foods preserved with 
boracic acid should not be used by delicate individuals or by children, 
however, and the quantity of the acid used must be strictly limited. 
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XXIV. CARBONIC ACID. 

Carbonic acid is contained in considerable quantity in many thera- 
peutic preparations, notably in the effervescent cathartics and antacids, 
and also in many beverages, such as soda water, potash water, cham- 
pagne and other sparkling wines. In some of these it is formed by 
the action of an acid such as citric or tartaric acid on carbonates, in 
others it is liberated in the course of fermentation, while in the artifi- 
cial aerated waters it is forced into solution under high pressure. The 
last are therefore simple solutions of carbonic acid, while in the others 
more powerful agencies — cathartic salts or alcohol — are contained in 
addition. 

Carbonic acid has a weak irritating action when applied in quantity ; 
thus in baths charged with carbonic acid, a slight reddening of the 
skin has been observed, and some irritation and prickling of denuded 
surfaces is produced ; a stream of carbonic acid directed against a 
wound or burn causes considerable heat and pain. Pure carbonic acid 
gas causes spasm of the glottis when inhaled, and even when it is much 
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dilut^^ some irritation in the respiratory passages may follow at first. 
Solutions of carbonic acid induce reddening of the mucous membrane 
of the mouth and stomach, and are very rapidly absorbed, owing to 
the congestion and increased blood flow in the stomach wall which 
follows their administration. Much of the carbonic acid is thrown up 
by eructation, but some of it is absorbed and is excreted by the lungs. 
The absorbed acid has no effect on the organism, but the slight irrita- 
tion of the stomach may cause increased appetite and a feeling of well- 
being. The rapid absorption of the water in which it is dissolved is 
followed by an augmented secretion of urine; and the carbonic acid 
waters are therefore used in preference to ordinary Avaters, where a 
rapid flushing of the tissues and a profuse secretion of urine is de- 
sired. In addition, the slight irritation of the mouth and stomach 
renders them more acceptable than ordinary waters in fever and in 
other diseases accompanied by intense thirst; a mixture of milk and 
aerated water is often very grateful. The presence of carbonic acid 
in the sparkling wines leads to the rapid absorption of the alcohol 
also, and this action on the stomach may explain their being more ex- 
hilarating than other wines containing an equal amount of alcohol. 
The slight irritant effect of carbonic acid in tlic stomach has proved 
of benefit in some forms of gastric catarrh, such iVr' that following 
alcoholic excess. Carbonic acid waters are also useful in the vomiting 
of pregnancy and in seasickness. 

The prolonged application of carbonic acid to the mucous mem- 
branes leads to local ausesthesia, and numbing of the skin is also stated 
to occur under similar treatment. 

Carbonic acid is absorbed from all the mucous membranes, from the 
skin and from the lungs. The gas has no effect after absorption ex- 
cept when inhaled, however, as when absorbed in any other way it 
is at once excreted by the lungs, and the amount absorbed never alters 
appreciably the normal percentage of carbonic acid in the blood. 

When carbonic acid is inhaled unmixed with oxygen, it induces asphyxia, 
partly from a specific action which it exerts on the central nervous system, 
but chiefly from the al)sence of oxygen. Its eirects arc therefore very 
similar to those of any iiidiiferent gas, such as hydrogen or nitrogen, and 
the symptoms are those of ordinary Jisphyxia. When, however, carbonic 
acid is inhaled mixed with a sullicient amount of oxygen, the specific 
effects of the gas are observed without any asphyxia. The symptoms are 
those of transient stimulation and subsequent depression of the central 
nervous system and heart. The firat stage is marked by a very short period 
of psychical exaltation, with deep resj)i rations, a slight rise in the blood- 
pressure and a moderately slow pulse. Very soon, however, unconscious- 
ness, loss of the spontaneous movements, and later of the spinal reflexes 
follow, the respiration becomes somewhat slower and shallower, the pulse 
continues slow and the heart is weaker. If the inhalation be continued the 
respiration fails, the heart continuing to beat for a sliort time, though weakly. 
The symptoms of the first stage seem to be duo to a direct stimulant action 
on the cerebrum and on the vagus, vaso-raotor and respiratory centres, while 
the second stage resembles that induced by the ordinary amesthetics, and 
is evidently caused by depression of the central nervous system and of the 
heart muscle. In fact a mixture of carbonic acid and air has been used ae 



582 INORGANIC SALTS, AOIDS A 

an anaesthetic in one or two surgical operations. Death from carbonic acid 
poisoning is not preceded by convulsions, those observed in ordinary as- 
phyxia being due to the absence of oxygen, and not to the excess of car- 
bonic acid ; it is still undecided by which of these factors the increased per- 
istalsis seen in suffocation is caused. In well diluted vapor the symptoms 
of exaltation alone are observed, no anaesthesia following. 

Carbonic acid in excess acts as a poison to other organs besides the central 
nervous system and the heart, although this effect is not seen in mammals. 
Frog^s muscle loses its irritability rapidly, the ciliated epithelium ceases 
movement, and the motor nerves, after a short period of increased excita- 
bility, are paralyzed by exposure to an atmosphere of carbonic acid. The 
blood assumes the venous color when shaken with the gas, and prolonged 
contact produces acid hmmatin, as does any other acid. 

Carbonic acid probably acts as a general poison to the protoplasm in mam- 
mals, apart from the effects on the central nervous system, for the combustion 
in the tissues is lessened to an extraordinary degree, as is evidenced by the 
very small amount of oxygen absorbed. 

Compressed carbonic acid gas absorbs much heat in expanding, and a 
stream of it directed against the skin induces intense cold and might there- 
fore be used to induce local anmsthesia. (See Ether, page 182.) 

The inhalation of diluted carbonic acid has been recommended in various 
pulmonary affections, such as phthisis and bronchitis, but is of very doubt- 
fhl benefit. 

Mineral waters containing large quantities of carbonic acid in solution are 
often recommended as baths in various chronic diseases, such as rheumatism. 
The effects may he. due to the carbonic acid in iDart, but these waters also 
contain salts in solution. 
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XXV. CHLORINE AND BROMINE. 

Chlorine and bromine resemble each other closely in the effects 
which they induce in all forms of living matter. These may be ex- 
plained in part by their replacing hydrogen in its combinations in the 
proteids and forming hydrochloric or hydrobromic acid with the hydro- 
gen set free, in part by their combining with the hydrogen of water 
and thus liberating nascent oxygen, which then acts on the tissues. 
The latter process is believed to account for the fjict that chlorine is a 
much more powerful disinfectant in moist air than in dry. In the 
higher organisms all of these reactions probably occur together. 

Action. — Chlorine and bromine are general protoplasm poisons ; 
thus 3 parts of chlorine in 1,000 parts of moist air are siifBcient to 
destroy the spores of most bacteria in the course of three hours, and 
the infusoria and the higher plants have been shown to be equally 
susceptible to the influence of the gas. Even smaller quantities of 
bromine are disinfectant. 

In the higher animals and in man chlorine and bromine act as 
irritants, Thus chlorine water (a saturated golutioq of chlorine ip 
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water) induces irritation and redness of the skin, and even blistering, 
when the gas is prevented from escaping. Bromine also causes very 
painful blistering, the fumes penetrating more deeply into the tissues 
than the non-volatile irritants, and causing more widespread irritation. 
Bromine or chlorine water, when swallowed, elicits intense inflamma- 
tion and corrosion of the mouth, throat and stomach, with collapse and 
all the ordinary efiects of gastric irritation. Air containing even a 
very small proportion of chlorine irritates the eyes, nose, larynx and 
the deeper respiratory passjiges, the bronchi and lungs seeming more 
susceptible than the rest of the tract, for bronchitis, pulmonary con- 
gestion and hsEimorrhages, coughing and pain in the thorax are induced 
by quantities that cause little or no irritation of the mouth and nose. 
Lehmann found that one volume of chlorine or bromine vapor in one 
million parts of air cause some irritation, but no serious results, but 
that ten volumes in the same amount of air inhaled for some time, 
cause hsemorrhage and inflammation of the lungs, severe bronchitis and 
other similar effects. After fatal poisoning from the inhalation of 
bromine, he observed marked irritation of the gastric mucous mem- 
brane, while this symptom was absent after chlorine. Another point 
in which bromine differs from chlorine is in its powerful action on the 
hair, which is rendered soft and gelatinous, and eventually removed 
entirely by exposure for some time to the vapor. 

These symptoms of chlorine and bromine poisoning are caused by their 
local action only, and are so severe that they might conceal those induced 
by the effects of the halogens after absorption. The greater proportion of 
the poisons is undoubtedly changed to liydrochloric and hydrobromic acids, 
and these again to chlorides and bromides in the course of absorption. But 
it seems possible that some may form proteid compounds in the body (as 
happens in the test-tube), and that these may have some action. As a mat- 
ter of fact both chlorine and bromine are stated to have a narcotic cifoct on 
the brain quite apart from their local effects, but nothing further is known 
of their action in the tissues. vVttention has beeji drawn to a iminher of cases 
ill which symptoms arose in workmen in chemical I'actoriciS where chlorine is lib- 
erated by electrolysis, or more rarely in others where hydrochloric ai^id is formed 
in large quantities. The most marked symptom is an afTeetir>n of* the Kchacef»us 
glands, from which the condition receives its name of chlorinci acne, hut this 
often induces headache, sleeplessness, loss of appetite, and anannia. Nosatis- 
hictory explanation of the symptoms has been given, nor. is it known whether 
the chlorine or some unknown body is the cause (Lehniaiin, .Jacquet). 


PjiEPAUATK)iNS. 

Liquor Cldori Oompositm (U. B. T. ), chlorine water, contains at least 4 parts 
of the gas in 1,000 parts of water. It is a clear, gnicnish liejuid with the sqf- 
focating odor of chlorine and is liable to form hydrochloric acid, es})<‘c.ially when 
exposed to the air and sunlight. It ought therefore to be freshly prepared when 
the full strength is required. 

Calx Chlorinata (IT. 8. P., B. P.), chlorinaU'd lime, bleaching powder, some- 
times erroneously called chloride of lime, is a compound formed by the action of 
chlorine on lime. It consists of a mixture of calcium hypochlorite (Ca(ClO)j), 
calcium chloride (OaCl,), lime and water. The hypochlorite is very unstable 
and gives off chlorine in air, and esjiecially in the presence of an acid. Strong 
acids also free the hydrochloric acid of the cidoride, and this is decomposed by 
the hypochlorite into chlorine and water. Chlorinated lime forms a white or 
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grayish-white powder, with the odor of chlorine. It is only partially soluble in 
water and must contain not less than 35 per cent, of available chlorine, U. S P.; 
33 per cent. B. P. 

Liquor Calcis Chlorinatce (B. P.). —The solution should yield about 3 per cent, 
of chlorine. 

Liqmr Sodce Chlorinate (IJ. S. P., B. P.), solution of chlorinated soda, Labar^ 
raque's solution or Javelle's solution, is formsd from chlorinated lime and con- 
tains hypochlorite of soda (NaClO) and chloride of soda. Like the correspond- 
ing lime salt, it has the odor of chlorine and bleaches vegetable colors. It must 
contain at least 2.6 per cent, by weight of available chlorine, U. S. P. ; 2.5 per 
cent., B. P. 10-20 mins. 

Bromum (0^. S. P.), bromine, heavy, brownish-red liquid evolving a yel- 
low-red, very irritant vapor. 

Chlorine was formeri / used internally in infectious disease, but this 
has been entirely abandoned, since it has been recognized that it is 
much more poisonous to the higher animals than to the micro-organ- 
isms. The inhalation of chlorine in phthisis has also fallen into dis- 
use for the same reason. Chlorine water and the solution of chlori- 
nated soda are still occasionally used as antiseptic, deodorant solutions 
in the treatment of foul sores, and, more rarely, to disinfect the hands 
before operation ; both preparations are very irritant, however. Chlo- 
rine water much diluted has been used as a gargle, as a vaginal injec- 
tion and for other similar purposes. 

The chlorine preparations are chiefly used to disinfect faeces, urinals 
and to a less extent rooms and houses ; for this purpose chlorinated 
lime is the most suitable, especially when acid is added to it in excess. 
The room ought to be hermetically sealed, and the fumes are of no 
value as disinfectants unless they are present in such quantity as to 
render the air quite irrespirable. They have the disadvantage that 
they blejich most of the colors used in dyeing, and fail to penetrate in 
sufficient quantity into the clothing, which they also corrode to some 
extent. Chlorinated lime exposed in the sick-room merely serves as 
a deodorant, and has no disinfectant value, but has the disadvantage 
of giving a false feeling of security like other similar measures. 
Chlorine seems inferior to sulphurous acid anhydride, and still more 
so to formalin as a disinfectant, not from its being weaker in action, 
but because it is more difficult to apply in sufficient quantity. Chlo- 
rinated lime can, however, be applied in urinals and closets, where 
both tliese disinfectants are unavailable. Here it acts again as a de- 
odorant, while its disinfectant value is smaller. 

Bromine is also powerfully disinfectant, but has not been used prac- 
tically for this purpose in recent years. It is occasionally employed 
as a corrosive, e. g,, in disease of the os uteri. 

In Poisoning with chlorine taken by the mouth, alkalies are advised 
with the view of neutralizing the acid formed, and narcotics may be 
necessary for the pain. In cases of poisoning by inhalation, steam 
may be inhaled to lessen the irritation, and ammonia has been advised, 
but is itself irritant. In corrosion of the skin with bromine, one half 
per cent, carbolic acid has been applied with success, it is said^ thq 
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bromine being precipitated as bTOinphenol. Vapor of cjvrbolic acid 
has also been inhaled in bromine irritation of the nose and throat. 
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XXVL OXYGEN. 

Ever since the discoveiy of the relation of oxygen to the respiration, at- 
tempts have been made to use it in therapeutics, hy inhaling the gas pure or 
mixed with air, or by spending a certain time each day in (diambers of com- 
pressed air. It was expected that hy these means a larger amount of oxygen 
would be absorbed, and a more active combustion in the tissues would he 
induced. The absorption of oxygen by the lungs does not depend on the 
partial pressure of the oxygen, however, hut on its aftinity I'or the reduccid 
haemoglobin of. the corpuscles. It is true that the oxygen dissolved in the 
plasma is increased by a great rise in the barometric pressure, or hy 
inhaling pure oxygen, but this dissolved oxygen is trilling in amount eom- 
jiared with that in combination with the haemoglobin, IJiider ordinary con- 
ditions, then, the air is suliieient to oxidize almost all the reduced hiemo- 
globiu passing through the lungs, and oxygen lessens but slightly the small 
proportion that escapes hy the pulmonary veins unoxidized. As far as tho 
tissues are concerned, the oxidation is of course the same whetlici' the oxy- 
haemoglobin carried to them by the bloo<l was formed in a pure alniospliero 
of oxygen or in air, of which it comprises only about 20 per cent. The 
slight increase in the oxyhsemoglobin of the blood has no iippreciablo elfect, 
as more oxygen is offered to the tissues normally than they can assimilate. 
It is therefore inconceivable that the very slight inen^ase in the quantity of 
oxygen in the blood can have any oflect on the oxidation in the tissues under 
ordinary conditions. But if the gas be inhaled und(^r liigh pres.su n; the ;uig- 
meuted tension in the blood may induce some symj)tom.s, and this is, according 
to Smith, the explanation of a tendency bj tetanic convulsions winch he found 
developed in animals under these circumshinces ; hilarity and some otluT nerv- 
ous effects are said to have been induced in imiu in somi; iuslaiUHJS, and these 
may also be interi)reted as the results of tlic high oxygen tension in the blood, 
if they were not the products of fancy and suggestion. Oxygen iiihalatioji is 
tlierofore incapable of increasing the oxidation in the tissues, or in fact of modi- 
fying in any way the metabolism, and experience has shown it to he valueless in 
such constitutional diseases as diabetes and gout, in which, moreover, it has been 
demonstrated that there is no defitiiency in the oxygen of the blood. 

The further question arises whether oxygen inhalation is likely to be of 
benefit in the cyaiio.sis due to severe cardiac or pulmonary disease. Improve- 
ment is very often observed clinically, the skin losing its dark (jolor, and the 
respiration and heart becoming less rapid and labored as soon as the inhala- 
tion is commenced, and alarming symptoms returning whem it is stopped. 
This may be explained by the larger amfnint of oxygen dissolved in the 
plasma ; when air is breathed, the plasma contains only about 0.6 per cent, 
of oxygen in simple solution, but when oxygen is inhaled tlie percentage 
may rise to 3 per cent, and this may reinforce tlie oxygen carried by the 
hffimoglobiti. In cases in which only a small quantity of blood is passed 
through the lungs owing to circulatory disorder or where the aerating surface 
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of ihe lUngs is diminished by exudation, this small supplementary supply of 
oxygen maybe of importance. Again the air actually inspired does not pass 
directly into the alveoli, but diffuses from the wider air passages into the 
: narrower ones and then reaches the absorbent surfaces. Pure oxygen diflfhses 
more rapidly and in larger quantity into the alveoli than when it is mixed 
with' nitrogen, and it is therefore conceivable that when the movement of 
the air in the air passages is insufficient, oxygen may give relief by diffusing 
in larger quantity into the alveoli. Insufficient movement of the air curreniB 
may be due to obstruction of the respiratory tract, as in asthma or severe 
bronchitis, or to slow and shallow breathing from depression of the centre. 
Accordingly, the inhalation of oxygen is said to be followed by relief in 
some cases of asthma and bronchitis, and it has been recommended in nar- 
cotic poisoning. 

When the hremoglobin of the blood is so altered as to be incapable of 
transporting oxygen to the tissues, as in cases of poisoning with carbon mon- 
oxide, nitrites, chlorates, nitrobenzol, etc., oxygen inhalation is indicated, for 
it has been shown by Haldane and others that the plasma dissolves enough 
oxygen to maintain life when that supplied by the blood corpuscles is insuf- 
ficient. The inhalation has to be continued until the symptoms of deficient 
aeration have disappeared. 

Many microbes' are killed or at any rate much retarded in their growth 
when freely exposed to the air, and attempts have been made to treat pul- 
monary phthisis by oxygen inhalation. The results have been less disas- 
trous than those of some of the other treatments by inhalation, but no dis- 
tinct benefit has accrued, and in some cases hmmoptysis has been induced 
by it from some unexplained cause. Smith has recently found that the in- 
halation of oxygen under some pressure causes irritation, congestion and 
consolidation of the lungs in mice and bh*ds. 

Oxygen is inhaled through a mask conpected with a large container which 
is filled from a tank of the compressed gas. Very often the oxygen may be 
diluted with air and for this purpose a small opening may be made in the 
mask. 

Ozone , or active oxygen (O,), is a much more powerful oxidizing body than 
ordinary oxygen, but is more easily reduced than peroxide of hydrogen. 
It has a curious phosphorous odor and is somewhat irritant to the respiratoiy 
membranes, but it is almost always accompanied by nitrogen oxides, and 
some ' of the properties which have been ascribed to ozone may be due to 
these impurities. It is rapidly decomposed by living matter, and it seems 
very improbable that it can be absorbed into the blood ; yet Binz and 
Schulz believe that ozone induces narcosis in dogs, rabbits and kittens, and 
Schulz found in experiments in which ozone was inhaled repeatedly for long 
periods that it induced vomiting and dyspnoea, bronchitis, a'deina and blood- 
extravasation in the lungs ; conjunctivitis also occurred in some experiments. 
Schulz ascribes these syanptoms to the ozone, but they may be due in part at 
any rate to the impurities, or perhaps to oxygen. 

Ozone has undoubtedly antiseptic properties, but these are only apparent 
when air contains 13,5 mg. or more per litre. Even this disinfects only the air 
itself and the surfaces of objects, as the ozone loses its oxidizing properties when- 
ever it comes in contact with organic matter and therefore fajJs to penetrate. It 
has recently been advocated to disinfect drinking water. 

Ozone inhalation has been recommended in the hope of increasing the 
oxidation of the tissues, and as an antiseptic in pulmonary phthisis, but its 
irritant properties preclude its use here, and it has been generally discarded. 
It was supposed to be formed in turpentine oil on standing, and old turpen- 
tine oil was therefore recommended in cases of phosphorus poisoning, 
with the hope that it would tend to oxidize the phosphorus and render it 
harmless. Eecent investigations show, however, that no ozone is formed in 
turpentine oil, and there is no reason to suppose that the trea-tment is of 



An^gon ia a mixture of oxygen and peroxide of hydrogen, and many other 
so-called solutions uf ozone contain only small percentages of the peroxide 
and no ozone proper, as, though the latter is soluble in water, it decomposes 
very rapidly, only traces of it being found in the solution after 10-15 days. 
It breaks up into oxygen, and does not form hydrogen peroxide, 

. ozone of the air has been appealed to, in order to explain and adver- 
tise the benefits induced by many watering places and forest resorts but it 
has never been satisfactorily proved that the air in these localities contains 
more ozone than in other less favored places. iThe curative agency is gen- 
erally the change of scene and interests, and the dietary. 
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xxvn. PEROXIDE OF HYDROGEN. 

Hydrogen peroxide or dioxide (HjOJ tends to break down into 
water and oxygen very rapidly in the presence of many substances, 
which in themselves may be either oxidising or reducing. Among the 
bodies which induce this decomposition or catalysis are all forms of 
living matter, and the peroxide of hydrogen is therefore decomiwsed 
when brought in contact with tlio tLssuos, the oxygen thus liberated 
in a nascent condition tending to oxidize its surroundings ; the chief 
effects of this liquid are therefore due to its oxidizing properties. It is 
generally met with in dilute solution in water, and in this form alone 
is used in medicine. Brought in contact with the skin, peroxide of 
hydrogen solution is decomposed, and numerous bubbles of oxygen are 
formed,* but this decomposition proceeds much more rapidly when it Is 
applied to denuded surfaces or to mucous membranes. The oxygen is 
formed in such quantity .that some irritation may follow, and thus 
dqgs often vomit when it is administered in quantity by the mouth. 
When it is injected subcutaneously, a large amount of oxygen is 
formed in the subcutaneous tissues, but some of the fx-roxidc escapes 
decomposition and is absorbed into (he blood. Herts the decomiiosi- 
tion proceeds more violently, the red blood cells having a strong cata- 
lytic action, and • the oxygen sot free may tjause emboli and lead to 
sudden death. The formation of emboli is seen most frequently in 
the rabbit, but was in all probability the cause of death in one case of 
fatal poisoning in man, in which a solution of hydrogen peroxide had 
been used to wash out tlie pleural cavity.* Emboli are not formed in 

^ A concentrated solution is said to corrode the skin, leaving a white eschar. 

2 In several other instances hemiplegia has been t>bserve<l, apparently from embolism 
of the cerebral arteri^, 
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the dog on hypodermic injection, nor in either dogs or rabbits poisoned 
by the stomach — in the latter case probably because the liquid is more 
slowly absorbed and is almost entirely decomposed in the mucous 
membrane. Even in the blood and tissues the whole of the peroxide 
is not decomposed, for several observers have found traces of it ex- 
creted in the urine. 

Injected intravenously in either dogs or rabbits the peroxide is rap- 
idly decomposed in the blood, and forms emboli which prove immedi- 
ately fatal by stopping the circulation through the lungs, heart and 
brain. 

The action of hydrogen peroxide, then, apart from its local effects is ex- 
plained by its obstructing the blood vessels mechanically. Colasanti has 
stated recently that in addition it forms methssmoglobin in dogs and thus 
leads to a marked decrease in the metabolism from the non-aeration of the 
tissues, but his statement requires further confirmation. 

The catalytic decomposition of the peroxide is not necessarily asso- 
ciated with the life of the tissues, for it occurs also in excised organs 
and in drawn blood. In fact, it was formerly supposed that it took 
place only in the blood outside the tissues, and that the circulating 
blood had no effect on it, but this has been shown to be erroneous.. 
The different organs vary considerably in their catalytic power, the 
red blood cells and the liver cells being the most active, and it has 
been stated that this action of the tissue cells is closely associated with 
the presence of nucleoproteids (Gottstein, Spitzer); but Loew has 
shown that it is due to the presence of a widely distributed ferment 
(catalase) in most instances. 

The catalysis of hydrogen peroxide occurs in the lower forms of life 
as well as in the higher. Thus germinating seeds, yeasts, infusoria 
and the microbes all free oxygen from the solution, and in fact, a 
rough estimate of the number of microbes in water may be formed 
from the amount of oxygen given off by it on the addition of the per- 
oxide (Gottstein). This decomposition is fatal to most of these lower 
forms, presumably from the nascent oxygen, and peroxide of hydrogen 
is therefore a powei'ful disinfectant, a three per cent, solution proving 
as strongly bactericidal as a one per mille solution of corrosive subli- 
mate; but when the microbes are contained in a medium with much 
organic substance, as in wounds, the bactericidal action is very much 
reduced. 

In recent years, attention has been drawn to other bodies analogous 
to hydrogen peroxide, some of which possess powerful microbicidal 
properties. The peroxide is represented by the structural formula 
H — O — O — H and one of the hydrogens may be replaced by benzoyl 
or acetyl, forming CgH^CO — O — OH (benzo-peracid) or CH3CO 
— OOH (aceto-peracid). These have been shown to be much more 
powerful germicides than hydrogen peroxide, while they give off 
oxygen less readily ; in feet they are comparable only to corrosive 
gqblimate in their destructive effect on microorganisms and even suy- 
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pass it in favorable conditions. Tliis sn^rgests iliut the disinfectant 
action of this group is not really due to its libemting oxyg'en only, 
otherwise the activity of these peraeids would be less than that of the 
peroxide as they part with their oxygen less readily. It is possible, 
however, that the difference really arises from the way in which the 
oxygen is liberated ; for example, the peraeids may penetrate the 
microbes and free oxygen in their interior, while the peroxide is re- 
duced before it passes through the cell-wall. The peraeids are pre- 
pared with difficulty and are very unstable bodies, so that it is unlikely 
that they will prove of value in practical medicine. But they are 
formed wdien the aqueous solutions of some more readily available 
substances are allowed to stand for some time. In these both the hy- 
drogen atoms of hydrogen peroxide are replaced by organic radicles 
forming organic peroxides such as diacetyl peroxide (CII.jCO — O — ^C) 
— COCH3) and benzoyl-acetyl-peroxide (CgHj.CO — O — O — (X)CH3). 
On dissolving these in Avater, the peraeids are formed and the solutions 
are very powerful disinfectants which have been suggested for surgical 
use and also as intestinal disinfectants ; practical clinical experience 
alone can decide whether they possess that value which the results in 
the laboratory seem to indicate. 

PliEPAIlATION. 

Aqua Hydrogenii DioxiM (U. S, P.), Liquor Hydrogenii Peroxidi (B. P,), 
solution of hydrogen dioxide or peroxide, contains about 3 per cent, by 
weight of the pure dioxide. Each volume of this solution is capable of set- 
ting free 9-11 volumes of oxygen when completely decomposed. Some acid 
is added to the peroxide solution in order to retard its decomposition, but it 
gradually changes when kept, so that only freshly prepared solutions are of 
full strength. The solution is colorless and odorless, but has an acid ta.ste 
from the added acid, and the oxygen freed in the mouth gives a curious sen- 
sation and forms a froth. 

Therapeutic Uses. — Hydrogen dioxide is used locally as a disinfect- 
ant solution in suppuration, diphtheria and urethral infection. In pus 
cavities the oxygen is freed wdth great rapidity, and the pus-corpuscles 
are said to be disintegrated. The catalysis is due in part to these cor- 
puscles, in part to the microbes, and the extent of the suppuration 
may be estimated from the amount of effervescence. Peroxide solu- 
tions differ from most other disinfectants in the short duration of the 
action, which ])asses off as soon as all the oxygen is liberated. In ad- 
dition to its microbicidal action proper, this agent loosens and destroys 
masses of infected material by the mechanical effect of the liberation 
of the gas, and the wound or cavity is thus cleaned by it more jxjr- 
fectly than by washing with ordinary antiseptic solutions. The solu- 
tion has been recommended for use iu ophthalmic practice, and for 
this purpose may be diluted one half. 
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Other OxidLizing Disinfectants. 

Other oxidizing bodies have been used as antiseptics and disinfect- 
ants. Thus Oalomm Peroxide or Oorit has been recommended as a 
gastric and intestinal disinfectant for children in doses of 0.2-0.6 G. 
in milk. Zinc peroxide and magnesium peroxide have also been sug- 
gested, the former for external, the latter for internal use. 

Similarly the Persulphates of potassium and sodium (NugSgOg), per^ 
sodine, possess strong oxidizing properties from their liberating oxygen 
in contact with organic matter. They are only feebly poisonous but 
have not been e3|:tensively used as yet. 

Some older and better known disinfectants also owe their powers to 
liberated oxygen, and among these that most largely employed is the 
Permanganate of Potassium. 

When a solution of this salt comes in contact with organic matter, 
such as albumin, the permanganate at once parts with some of its 
oxygen, which attaches itself to the albumin. Permanganate is thus 
poisonous to protoplasm, not through the presence of the whole mole- 
cule, but in consequence of the oxidation of the proteids. As soon as 
the permanganate is reduced, it of course loses this action, so that the 
oxidizing efect is limited to the skin and the surface of the mucous 
membranes. Concentrated solutions irritate, and even corrode the skin, 
and induce gastro-enteritis when swallowed. Permanganate solutions 
are disinfectants of considerable power, owing to their oxidizing and 
thus destroying bacteria. They fail to penetrate deeply in an active 
form, and this renders them of less value than many other disinfect- 
ants, except ill very superficial infection. 

. Preparations. 

PotcLssii Permanganas (U. S, P., B. P.) (KMnO^) forms slender crystals of 
a dark purple color and a sweetish, afterwards disagreeable and astringent 
taste, soluble in sixteen parts of water, reduced by alcohol and other or- 
ganic bodies. 0.05-0.2 G. (1-3 grs.), in pills made up with kaolin. 

Liquor Potassii Permanganatis (B. P.), a l.per cent, solution in water. 
2-4 fl. drs. 

Therapeutic Uses. — The permanganate has been used internally in 
amenorrhoea and chlorosis. 

Externally it is used for its disinfectant and deodorant action, as an 
application to gangrenous ulcers, cancerous sores, diphtheria, and gon- 
orrhoea. In dilute solution it may be used as a gargle and mouth 
wash (1 per cent.), to disinfect the hands (1-3 per cent.), which it stains 
bmwn, and for other similar purposes. 

It has recently been recommended in poisoning with phosphorus, 
prussic acid, morphine and other alkaloids, pn. the theory that these 
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poisons are oxidized by it in the stomach, and thus rendered harnir- 
less. For this purpose it is given in J per cent, solution. It may be 
questioned whether much permanganate reaches the stomach unreduced, 
and the method is certainly less reliable than the stomach tube. Only 
the poison actually in the stomach is destroyed, permanganate having, 
of course, no effect upon that absorbed into the blood. In snakebite, 
permanganate has been advised, and itrundoubtedly has some action on 
the poison when it comes in contact with it, and may therefore be 
used to wash the wound and also to inject around it ; it has no effect 
upon the poison already absorbed. 

Condy’s Fluid is a strong solution of impure permanganate, which 
is of use to disinfect and deodorize urinals and faeces, but must be 
poured on them, and cannot be employed to disinfect iDoms. 

Some of the caustics owe part of their action to the oxygen liber- 
ated when they come in contact with organic matter. Thus Chromic 
Acid destroys tissue in part through its acidity but this is reinforced 
by its oxidizing powers. 

XXVIII. PHOSPHORUS. 

In the early part of last century phosphorus played a very important 
r6le in therapeutics, and, in fact, was regarded almoot as a panacea, 
but at present its use is much more restricted,, and some doubt is en- 
tertained as to its |X)ssessing any therapeutic value whatever. At 
the same time it has been the subject of much and laborious investiga- 
tion, partly because it has frequently given rise to poisoning, and partly 
because the study of its effects has thrown much light on some physi*^ 
ological and pathological processes. It differs from most poisons in 
acting for the most part on certain phases of the animal metabolism, 
and in having comparatively little direct action at the point of appli- 
cation, or, indeed, upon any single organ. 

Phosphorus is absorbed with difficulty, because it is very insoluble 
in water and the body fluids and is only slowly volatilized at ordinary 
body temperature. l^Jirg(; masses of phosphorus may thus pass through 
the alimentary canal without serious eflects, l)ecause tliey fail to be 
dissolved and absorbed. But when it is taken in a finely divided con- 
dition or in solution in oil, it gives rise to symptoms in very small 
quantity, and has been found to induce fatal poisoning in man in doses 
of 0.05-0.1 G. (1-2 grs.).^ In these conditions it is absorbed partly as 
vapor, partly in solution in water, which dissolves only traces how- 
ever, and probably chiefly in solution in tlie fats and oils, in which it 
is much more soluble. Pliosphorus vapor is also absorbed by the lungs, 
and the symptoms of chronic poisoning in match factories are believed 
to arise in this way. It does not seem to be taken up from the skin, 
and has in fact little effect unless when rubbed on it, when it ignites 
and gives rise to severe burns ; j)ho.sj>horus burns do not cause 

^ Phosphorus is often used in suicide, generally in the form of rat poison or of match 
heads. Eacli phosphorus match is estimated to (?arry 3-5 mg. of i)liOHphoruH, so that 
15-20 match heads are sufficient to induce fatal ladsoning. 
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phosphorus poisoning, however, as is sonietimes stated. The red 
amorphous phosphorus is much less poisonous than the ordinary yel- 
low form, because it is less soluble and also less volatile, and conse- 
quently fails to be absorbed. 

Phosphorus exists in the blood as such, and the effects on the tissues 
are unquestionably due to the element itself, and not to the oxygen or 
hydrogen compounds, as has been supposed. Some phosphuretted 
hydrogen (PH.^) may be formed in the bowel, but is comparatively 
unimportant, the great mass of the phosphorus being absorbed un- 
changed. As soon as it is oxidized, phosphorus loses its specific ac- 
tion, all of the acids being comparatively harmless. Phosphorus has 
been detected in the blood, and, it is said, in some of the excretions. 

It is devoid of action on albumins in solution, and has no immediate 
irritant effects, such as are seen in poisoning with the heavy metals. 

Symptoms. — When a poisonous dose of phosphorus is swallowed, no 
effects are elicited as a general rule for several hours. The first symp- 
toms are pain and discomfort in the region of the stomach, nausea and 
eructation of the vapor with its characteristic garlic odor, and then 
vomiting, the contents of the stomach having the same odor, and being 
phosphorescent in the dark. Later, bile may be vomited, and some 
diarrhoea may set in, although this is not a common symptom. The 
nausea and vomiting often continue without further symptoms for 
several days, but frequently disappear, and the patient apparently 
recovers, particularly if the dose has been small, or if most of it has 
been removed by vomiting or by washing out the stomach. In the 
course of a few days, however, the symptoms recur, and are generally 
accompanied by some jaundice ; the pain extends from the stomach to 
the liver, and soon to the whole of the abdomen. The vomited matter 
no longer contains phosphorus, but may be bloody. The patient com- 
plains of general weakness and faintness ; the pulse is weak, the liver ex- 
tends far below the ribs, and the urine shows characteristic changes (see 
page 602 ); hemorrhages occur from the nose, bowel, uterus, and under 
the skin, and eventually a condition of collapse and fatal coma follow. 
Convulsions and delirium have been observed in a considerable pro- 
portion of cases towards the termination of the intoxication. Death 
may occur, however, in the first stage or early in the second, before 
complete exhaustion is reached, and in these cases would seem to be 
best explained by the direct action of the poison on the heart. If only 
a small quantity be swallowed or if active therapeutic measures be 
taken early, the patient may recover without any secondary symptoms, 
and even when these have followed, the prognosis is not hopeless, for 
the symptoms slowly disappear in a certain proportion of cases. 

Exposure to the fumes of phosphorus has long been known to give 
rise to periostitis and necrosis of the lower jaw. The disease begins 
from a carious tooth or from some lesion of the gum, and may involve 
most of the jaw, which becomes swollen and painful and eventually 
evacuates large quantities of pus with pieces of dead bone. This ne- 
crosis was formerly frequent in match factories, but has become rarer 
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since amorphous phosphorus has been substituted for the yellow form/ 
and since greater attention lias been paid to the ventilation of tlie fac- 
tories and to the condition of the teeth of the employees. Magitot has 
recently advanced the opinion that exposure to phosphorus fumes 
gives rise to a mild chronic form of poisoning, quite aside from the 
necrosis, which is comparatively rare. The symptoms are cachexia, 
®hght jaundice, ansemia, and abuminuria, and in more advanced cases 
chronic enteritis and diarrhoea, bronchitis, and a curious fragility of the 
bones. 

Action: Fatty Degeneration. — A very striking feature in pliosphorus 
poisoning, and one that was early recognized in its history, is the ap- 
pearance of numerous fat globules in the cells of many organs, notably 
in those of the liver, kidney, gastric and intestinal glands, and in the 
muscle fibres of the heart, stomach, intestine, smaller arteries and often 
of the skeletal muscles. The question has been raised whether this fat 
is formed by tlie degeneration of the protoplasm of the cells in which 
• it is found, or whether it is not transported from other parts of the 
body and only deposited in these cells, the sidiool of Voit inaintaining 
the former view, wliile Pfliiger and his pupils uphold the latter. The 
advantage at present seems to lie with Pfliiger, who has shown that 
the total fat of the body is not increased by phosphorus, although this 
has been met by liindemann’s explanation that a certain amount of fat 
is destroyed during the intoxication, and that if more fat were not 
formed from the proteids through the action of the poison, there would 
be found a marked deficiency at death. A strong argument for 
Pfliiger’s view is adduced by. Rosenberg, who found that when an 
animal has been fed on foreign fats (c. //., a dog upon mutton suet) and 
is then poisoned Avith phosphorus, the fat found in the liver cells is 
that characteristic of the food and not that of the poisoiud animal as 
might be expected if it were derived from the proteids. The question 
cannot yet be said to be determined, although the burden of proof 
certainly seems to rest on the defenders of the earlier view that the fat 
arose from the degenerated ])roteids of the cells in which it is found. 
The fatty degeneration or infiltration sets in only after some time, and, 
in fact, accompanies the secondary symptoms for the most part, although 
the cells of the stomach and upper part of the intestine suffer sooner, 
and the beginning of this process is probably the cause of the early 
vomiting. 

In phosphorus poisoning, as in other instances of fatty degeneration, 
the process commen(ies in cloudy swelling of the cells followed by the 
appearance of granules, which soon develoj) into fat globules. Even- 
tually the degenerated cells break up into detritus. 

Another feature in phosphorus poisoning, which is, however, better 
seen after repeated small doses than after a single large one, is the 
Proliferation of the Interstitial Connective Tissue of the stomach, liver 

iThe ijhosphorous sesquisulphitle (P4S3), mently introduwid in fucloriefl, 

seems to be even safer than reil pliospJiorns, for though minute <iuantities of the ele* 
ment ai-e released from it in the tissues, these ai-e too small to induce any symptoms. 

38 
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and kidney, which finally induces typical cirrhosis of these organs; li 
was formerly supposed that this indicated a specific irritant action of 
the phosphorus vapor on the connective tissue, but many pathologists 
now regard this proliferation as a secondary result of the necrosis of 
the parenchyma cells. In animals poisoned by the prolonged adminis- 
tration of small quantities of phosphorus, the ordinary effects of hepatic 
and renal cirrhosis have been induced, such as dropsy, anaemia and 
cachexia. 

Besides the cells which have undergone fatty degeneration, the liver 
often contains numerous microscopic areas of necrotic tissue and in 
other parts actively dividing parenchymatous cells. 

When very minute quantities of phosphorus are administered to 
animals, no poisoning results, but according to Wegner a specific 
action on the Bones is induced, especially in young animals, in which 
the bones are still growing. Thus, in young rabbits, quantities of 
g^vqn for several weeks are found to be followed by char- 
acteristic changes in the growth of the long bones, apparently in- 
duced by the phosphorus acting as an irritant or stimulant to the 
bone-forming cells (osteoblasts). Wherever cancellous bone is being 
formed from cartilage, phosphorus is stated by Wegner to cause the 
deposit of a layer which resembles the dense bone of the shaft in 
the normal animal in general appearance and also histologically. 
This layer of dense bone at the growing point is at first the only 
change induced, but if the treatment lasts longer, the soft cancellous 
bone which was deposited before the phosphorus treatment began, 
is gradually absorbed. The medullary cavity of the bone is thus 
enlarged, and may, in fact, extend into the epiphyses, which in the 
normal bone are filled with cancellous tissue, but which now form part 
of the much lengthened cavity. Eventually the whole of the cancel- 
lous bone may be absorbed, and a similar process of absorption begins 
in the bone formed at first under phosphorus, while the dense deposit . 
is pushed further into the remaining cartilage. The development of 
bone from cartilage is riot the only process affected, however, for 
Wegner states that in the bone deposited from the periosteum a some- 
what similar change is induced, as is shown by its becoming denser 
and by the Haversian canals being much contracted in size. In full- 
grown animals the changes in the bone are much less distinct, but the 
lamellie of the spongy tissue are said to be thickened by phosphorus 
treatment, and in the fowl Wegner states that the medullary cavity may 
be completely obliterated by the deposition of hard bone. Wegner 
supposes that this effect on bone is due to a specific action on the bone- 
forming cells, analogous to that which he observed in the connective 
tissue of the liver. As has been mentioned already, however, the cir- 
rhosis of the liver in chronic phosphorus poisoning is believed by many 
not to be due to primary irritation of the interstitial tissue, but to be 
secondary to the destruction of the parenchymatous cells, so that this 
analogy is rendered doubtful. 

Wegner found further that when the calcium salts were withdrawn 
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from tbe food of animals treated with phospborus^ tbe exaggemted ac- 
tivity of the bone-forming cells contiimed, but no lime was deposited, 
so that the bone presented the appeanince of rickets. The same re- 
sult has, however, been obtained by other investigiitors by the with- 
drawal of calcium without phosphorus. Kassowitz took up the inves- 

Fio. 50. 
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Section of tho lioud of the femur in calf. A, normal, li, after (reatiiieiit with miuute dose.s of 
phosphorus. C, the cap of douse l»oue at the growing point. (After Wkonkii. ) 


tigation some twelve years later, and observed tbe layer of white dense 
bone described by Wegner at the edge of the ossifying cartilage, but 
regards it not as the result of excessive activity of tlie osteoblasts, but 
as due to a slower absorption of the calcified cartilage from a less rapid 
extension of the blood vessels than is normal. With large doses he 
produced appearances closely resembling those of rickets. Seveml 
other investigators have observed changes in the bones afU»r phos- 
phorus, so that there is good reason to believe that it ])c)s.se.sses some 
specific action on them, although some writers failed to obtain definite 
results and of those who observed a modificiation in the growth no two 
agree in the description of the changes or in their interpretation. This 
specific action on the bone-forming tissues and particularly on the 
periosteum has been used by Wegner to explain the necrosis of the 
jaw in match factories. He supposes that the phosphorus vapor reach- 
ing the periosteum of the jaw through a carious tooth or some lesion 
of the gums, excites a mild periostitis, which in turn leads to the for- 
mation of new layers of l)one around the jaw. Necrosis of the bones 
has not been satisfactorily demon.strated in animals exposed to phos- 
phorus vapor, although numerous exjxjriments have been performed 
with the object of studying its development. The view of the latest 
investigators is that microbial infection is necessary to permit of the 
changes observed clinically, but that phosphorus induces some change 
in the bones which predispses them to infection by the tubercle ba- 
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cillus and other organisms which induce necrosis. The occurrence of 
necrosis of the jaw is in fact a strong argument for the correctness of 
the view that a specific action on bone exists, for under no other poison, 
even when much more irritant vapor is inhaled, does a similar process 
occur in man. The exact nature of this action on bone, and its rela- 
tion to rickets and to osteomalacia must, however, be left for further 
research to determine. 

Phosphorus weakens and slows the Heart when it is applied to it 
directly in the frog, or by intravenous injection in mammals. In 
many cases of acute poisoning in man, however, the heart does not 
seem to be seriously alfected until very late, and this is particularly the 
case when comparatively small quantities have been absorbed. In 
those cases in which large amounts are swallowed in solution or in fine 
division, and in which death occurs before any secondary symp- 
toms have been developed, the fatal issue is generally ascribed to the 
cardiac action. < This direct action on the heart must be distinguished 
from the fatty degeneration of the cardiac muscle, which is seen in the 
later stages of poisoning, for no degeneration of the heart, and, in fact, 
no pathological changes whatever, may be found in those rapidly fatal 
cases. Phosphorus acts on the heart muscle directly, and does not 
seem to affect the regulating nerves in any way. According to Pal, 
the blood-pressure is lowered in some cases not by cardiac action, but 
by the dilation of the vessels. 

The Blood is but little changed outside the body by phosphorus, 
for though Araki states that the hsBmoglobin parts with oxygen more 
slowly than usual, the difference is trifling. In many cases of fatal 
poisoning, the blood is found not to clot so readily as usual, and some- 
times to remain fluid for forty-eight hours or more. According to 
Corin and Ansiaux and Jacoby this occurs only in cases in which the 
patients live for several days, and is not a direct effect of the poison, 
but is due to the changes in the intestine and liver, which lessen or 
entirely destroy the fibrinogen. Jacoby states that the blood not only 
fails to clot but is capable of redissolving fibrin and attributes this to 
the presence of the autolytic ferment of the liver. 

The absence of clotting in the blood may be a factor in the haemor- 
rhages which are met with among the symptoms of the second stage, 
but the immediate cause of these is the fatty degeneration of the mus- 
cular coat of the smaller arteries throughout the body. These changes 
in the blood vessels may perhaps explain the oedema of the retina, 
which is seen in animals poisoned with phosphorus, though these have 
also been attributed to some change in the blood. Occasionally gan- 
grene of the extremities has been observed in phosphorus poisoning, 
probably owing to the changes in the vessel walls. 

Small doses of phosphorus generally increase the number of the red- 
blood cells in man, and even in poisoning a sudden or gradual increase 
in these may occur, along with a diminution of the leucocytes. The 
hflemoglobin is not correspondingly augmented, however. In the lower 
animals the effect on the blood cells varies a gi’eat deal ; in the dog an 
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unusual number of red blood cells appears to be destroyed ; in the rab- 
bit no distinct alteration in the number of the rtnl cells but some leuco- 
cytosis has been observed, while in fowls an increase in the leucocytes 
accompanies a marked destruction of the red cells; in the frog the 
number of red cells is not reduced. 

The Bone-marrow in chronic poisoning is at first hyperajinic, the fat 
cells are atrophied and the leucoblasts are greatly increased ; later a 
gelatinous degeneration sets in with a decrease in the number of the 
marrow-cells and a corresponding increase in the connective tissue. 

The peripheral Nerves and Muscles do not seem to be affected in 
phosphorus poisoning, except in so far as the latter undergo fatty de- 
generation. An excised muscle lives almost as long in salt solution 
containing phosphorus as in the unpoisoned solution. 

The Central Nervous System is also little changed by phospliorus. 
The coma and convulsions which appear before death may be due 
rather to the disordered metabolism than to any direct influence, as is 
shown by the fact that consciousness is preserved throughout the fii’st 
stage, and as a general rule until late in the second. 

The fatty degeneration of the epithelial cells of the Stomach and 
Intestine explains the abdominal ]>ain, the vomiting and the occasional 
diarrhoea seen among the secondary symptoms. The earlier phases of 
this action Jiiay be the cause of the vomiting and nausea of the first 
stage. This degeneration occurs also when phosphorus is injected 
hypodermically, and is therefore of the same nature as that in the 
other organs. The cells of the stomach first atta(^kl^d are those of the 
glands, and the condition has been termed gastradenitis. 

The fatty changes in the Liver cause a considerable increase in the 
area of hepatic duliiess, and at the same time induce some pain and 
tenderness over tfie organ. 

The icterus of phosphorus poisoning has been examined by Stadel- 
manii in dogs. He found that the changes in the bile secretion may be 
divided into three phases, in the first of which a larger amount of bile 
pigment is excreted than usual, this denoting an unwonted activity of 
the liver cells. In the second phase the bile becomes clouded, is less 
deeply colored and more viscous, and icterus makes its aj)pcarancG 
in the skin and conjunctiva. The secretion in this stage seems to bn 
derived largely from the raucous cells of the smaller bile ducts, and 
contains comparatively little of the excretion of the liver cell propen 
In the third phase, which is that of recovery, the bile loses its turbidity 
and viscosity, and is very dark in color, bemuse the pigment which 
was deposited in the tissues during the second stage is reabsorbed and 
excreted in the bile ; the jaundice color of course disappears from the 
skin as the bile pigment is reabsorbed. The bile salts are also very 
much reduced in phosphorus poisoning. Stadelmann attributes these, 
changes to the bile capillaries being rendered less pervious, by the en- 
large liver cells or the proliferating connecti ve tissue pressing on them 
and narrowing their lumen. This prevents the bile which is formed 
by the liver cell from reaching the gall bladder, and the pigment is 
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therefore absorbed and gives rise to jaundice. The pale viscous fluid 
which escapes from the ducts in the second stage is probably hot true 
liver secretion, but mucus from the ducts. During recovery, the hepatic 
cells lessen in size, the pressure on the bile capillaries is relieved and 
the secretion escapes, while the pigment which was distributed through 
the tissues is reabsorbed and excreted by thd ordinary channel. The 
jaundice may also be accounted for in part by the destruction of the 
red cells of the blood and consequent increase of pigment formation in 
the liver. This view is supported by the fact that in the rabbit, in which 
the red cells are not decomposed by phosphorus, no icterus is observed, 
while iu the dog, in which some of the cells are destroyed, it is very 
marked. In man, however, there is no evidence that the red cells are di- 
minished in number, yet jaundice is one of the commonest symptoms. 
The bile very often contains albumin in considerable amount, and in 
the later stages red blood cells may occur in it. 

In addition to the fatty infiltration of the cells and the changes in 
the bile, the liver has been shown to undergo a specific alteration in its 
activity, which is manifested by the presence of large quantities of 
ammonia, protagon, jecorin, leucin and tyrosin, while less lecithin than 
usual is present. When the liver of an unpoisoned animal is kept 
from putrefaction for some time, the tissue is broken down by the ac- 
tion of an autolytic ferment, and the same constituents are formed in 
large quantity ; the liver in phosphorus poisoning undergoes the same 
changes when preserved from putrefaction, but the autolysis progresses 
much more rapidly. Jacoby therefore infers that phosphorus aug- 
ments the activity of the autolytic ferment of the liver and thus leads 
to the presence in the living organ of some products which are absent 
in the normal one. He regards the disappearance of the fibrinogen of 
the blood as a furtlier effect of this liver autolysis, for he found that 
the injection of the autolytic ferment into normal animals prevented 
coagulation. 

The fatty degeneration of the Benal Epithelium may account in part 
for the albuminuria, which is not generally severe, and is not infre- 
quently absent in cases of poisoning. Fatty casts and even globules 
of fat are often found in the urine in cases which run a chronic course. 
Blood and haemoglobin may also appear in it from haemorrhages into 
the kidney. The other changes in the urine are not referable to the 
renal disease, but to the modification of the general metabolism of the* 
tissues, the kidneys merely excreting the abnormal products of decom- 
jiosition which appear in the blood. 

These abnormalities in the Urine have been examined very often, 
but some discrepancies are still to be found in the accounts of different 
authors. The urine itself is often somewhat increased in quantity in 
the early stages of the intoxication, but afterwards becomes deficient, 
and towards death complete anuria may be observed. The increased 
urine is probably due to the increase of the urinary substances in the 
blood, while the diminution, which may occur early, may be explained 
by tlie small quantity of water absorbed from the stomach and infes- 
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tine, by the degeneration of the secretory cells, or by the failure of the 
circulation. 

The nitrogen of the urine varies considerably in different cases. 
Very often in the first few days after the ingestion of the poison, it is 
markedly diminished in amount, but this is not due to any specific 
action of the poison, but to the prolonged nausea and vomiting which 
prevent the absorption of food; the nitrogenous excretion thus cor- 
responds to that during the first few days of starvation. After this, 
however, a very considerable increase in the nitrogen is observed, even 
although the patient continues to fast. In the course of starvation a 
rise in the nitrogen excretion also occiii^s after some time, but this is 
never so great as that seen in phosphorus poisoning, so that the poison 
has generally been credited with a specific action increasing the waste 
of the nitrogenous tissues. The exci’ction of urea does not increase in 
proportion with the total nitrogen, in fact less urea is often excreted 
than in the first days of the intoxication. But the nitrogen excreted in 
the form of ammonia is much increase<l in man and the dog, while it 
is not altered in the rabbit. This excretion of ammonia suggests the 
formation of excess of acid in the tissues,* and as a matter of fact sar- 
colactic acid is found in very considerable quantity in the urine in man, 
the dog and the rabbit in phosphorus poisoning. T1:C increased am- 
monia of the urine is therefore to be referred, at any rate in part, to the 
formation of this acid in the tissues, and if fixed alkalies are adminis- 
tered, the ammonia of the urine falls at once in amount b(?cause the 
alkali neutralizes the sarcolactic acid. 

The uric acid excreted is often somewhat increased in amount, but 
on the whole is little altcired by phosphorus in man. This perlmps 
indicates that the nuclei of the cells are less subject to the action of 
the poison than the cytoplasm, and this is supported by histological 
examination, for the fat globules are tbund in the cell body, and not 
in the nucleus. 

Some increase in the other jiitrogenous const itiunits of the urin(^ also 
occurs in phosphorus j^oisoniug, ami a number of amido-acids have 
been identified in it. The best knowii of these an* tyrosin and leucin 
crystals, which are not always present in the urine, however, although 
they have been found in the blood in some (|uantity. Baumann found . 
an increase in the substances of the aromatic seri(?s in the urine*. Albu- 
min may be present in small amount, and peptone is sometimes ex- 
creted. 

The chlorides of the urine are much reduc(*d in amount, owing to 
the patient taking little or no food. The phosj>hates of the urine are 
often very consi(lerably augmented, but not because of the excretion 
of phosphorus as phosphates, for the quantity absorbed is too small to 
cause any apprecial)le change. The increase in the ])hosphates is 
rather to be ascribed to an augmented waste of the tissues, and the 
sulphates are also excreted in larger quantity for the same reason. 

When icterus is present, the urine may b(5 dark in color from the 
^ See Amraonia, Acids, pp, 56 J, 556. 
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bile pigment excreted, and bile acids are also often contained in it, 
Sarcolactic acid appears in considerable quantity, and is sometimes 
accompanied by some sugar. 

Metabolism. — The carbonic acid excretion and oxygen absorption by 
the lungs are generally found to undergo comparatively slight changes 
in phosphorus poisoning, while all the evidence points to grave de- 
rangement in the proteid metabolism. Meyer found the alkalinity of 
the blood reduced through the presence of lactic acid in excess in the 
tissues, and this has the further effect of increasing the ammonia of the 
urine ; lactic acid is also found in the stomach along with hydrochloric 
acid. It is believed to arise from the glycogen of the liver, which 
is much reduced in amount. This lactic acid formation has been 
attributed to deficient oxidation in the tissues, which has long been 
held to be one of the fundamental features of phosphorus poisoning. 
In addition, the nitrogenous constituents of the body are obviously 
destroyed more rapidly than usual, for unusually large amounts of 
nitrogen appear in the urine ; some of this increase may, it is true, arise 
from the acid formation, and thus indirectly from the deficient oxidation. 

More recently the great similarity between the results of normal 
autolysis and of phosphorus poisoning has led several investigators to 
believe that the essential effect of phosphorus is an acceleration of the 
autolytic process, and this is supported by the results obtained by 
Jacoby in experiments in which the autolysis of the normal liver was 
compared with that of the liver obtained from an animal poisonal 
with phosphorus. 

Autolysis or destructive metabolism occurs in normal living cells, 
but in phosphorus poisoning it is supposed to proceed more rapidly, 
and many of its products are not so completely decomposed as nor- 
mally, so that intermediate products, such as leucin, ty rosin and #ther 
amido-acids, appear in large quantities in the organs and often in the 
excretions ; lactic acid is similarly a product of antolysis, which fails 
to be oxidized to carbonic acid as in the normal body. This accel- 
erated autolysis occurs not only in the liver but also in other organs, 
although in a less marked degree. 

It was formerly believed. that the fatty degeneration was dependent 
on lessened oxidation ; ^ that the fat formed by the decomposition of 
the proteids could not be oxidized as it is normally, and therefore 
remained in the cell. But this is not consistent with the view prevails 
ing at present, that the accumulation of fat in the liver and other 
organs is due to its migration from other parts of the body, so that the 
relation between the two phenomena is not so simple as has been sup- 
posed. It seems probable that the fatty degeneration is a secondary 
result of the accelerated autolysis ; according to some writers (Wald- 
vogel) the fat arises from the proteids in the process of autolysis, but it 

1 The lessened oxidation in the tissues was at one time believed to be due to the 
phosphorus using up the oxygen for its own oxidation, hut this is obviously incorrect, 
for the amount of oxygen required for this would be quite insignificant. Another 
theory, that phosphorus acts by liberating nascent oxygen in the cells, is based on no 
sufficient evidence. 



phosphorus: 601 

seems more plausible to suppose that the cells in the condition of 
unwonted activity draw upon the fat already piiesent in the tissues and 
store it in their interior in the form of globules. 

In view of the curious effect of phosphorus on the liissi’ie change of 
the vertebrates, its action upon simpler forms possesses some interest. 
It has been found, however, that yeast, infusoria and bacteria are very 
little affected by the presence of this poison, and living microbes are 
found in large numbers on solid pieces of phosphorus. The ferments 
are also unaffected for tlie most part, pepsin and pancreatin acting in 
the presence of phosphorus. Curiously enough, although the oxida- 
tion is imperfect in animals poisoned with phosphorus, Hauser has 
found that if phosphorus be added to the blood which is perfused 
through an excised organ, the oxidation is as rapid as if no poison had 
been added. He found, however, that some of the synthetic processes 
of the body wore probably retarded by it, for less liippuric acid was 
formed in a kidney jierfuscd witli blood containing phosjihorus than in 
one in which normal blood was used. On the other hand the aiitolytic 
activity of the liver is augmented, as has been noted alri‘ady. 

The Temperature is often low in the later stages of phos]»lK)rus 
poisoning, but slight fever is also observed in some cases. 

The Fate of phosphorus in the body is still obscure. It is possible 
that some of it is oxidized to phosphoric acid, and some pliosi)horiis is 
said to be excreted by the lungs, although the statement that the breath 
becomes phosphorescent seems to be extremely improbable. It is also 
excreted in the urine in some organic combinations, of which nothing 
is known, though tliey are said to be volatile, la pregnant animals 
poisoned with phosphorus, the fmtus is found to undeigo fatty degen- 
eration, so that the poison would seem to pass through the })lacunta. 

Phosphuretted hydrogen (PH^) induces the same symptoms as |)hos- 
phoriis, wlien it is given in repeated small quantities. Larger doses 
are very rapidly fatal and the symptoms differ entirely from those of 
phospliorus poisoning, consisting of markiMl dys])n<jia, puigation, weak- 
ness, tremor, and finally violent convulsions and r(?s|)iratory failure. 
The oxygen compounds do not seem to have any siicli effects, and for 
the most part are harmless except in very large doses. 

PliKPAUATKiiNS. 

Phosphorm (U. 8. P., B. P.), a translucent, nearly (soloricjss solid resembling 
wax ill lustre and consistency. It emits white tuimts in the air, which are 
luminous in tlie dark, and takes fire spontaneously. The fumes have the 
odor of garlic, and in dilute solution phosphorus has a hai’sh, disagreeable 
taste. It is very little soluble in water, more so in alcohol, and dissolves to 
about two per cent, in fats and oils. mg. (rJo-so g»’-) (B. P. gr.). 

Olmrn P/iosp/wratiim (B. P.) is a one fier cent, solution in almond oil and 
ether (1-5 mins.). Phospliorated oil iuight be freshly prepared and kcj)t in 
tightly stoppered bottles ; solutions cd* one per cfcnt. teml to lose their strength 
by evaporation of the phosphorus and by oxidation, when the Ijottlo contains 
air. It is said to keep better in more dilute solntion (one per miJlo). It is 
probable that much of the oil dispensed is under »me per cemt. in strength. 

Pihike PliOHphori (U. 8. P,), each pill contains 0.6 mg. of phosphorus gr.), 

Pilula rfwsphori (B. P.), 2 per cent, 1-2 grs. 
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Therapeutic X/ses.— Phosphorus has been recommended in various 
diseases of the central nervous system and in neuralgia, but it is still 
questionable whether it is of any real benefit in these. There is more 
reason to believe in its virtues in bone disease, more especially in 
rachitis and osteomalacia, for in a number of instances marked im- 
provement has been observed in these diseases under its use. It is 
generally given in solution in cod-liver oil, and the benefit may be due 
in part to the menstruum, but not entirely, for Sternberg observed a 
relapse in a case of osteomalacia when pure cod-liver oil was substi- 
tuted for the phosphorated oil. In rickets a solution containing 0.01 
G. in 100 c.c. of cod-liver oil is recommended ; 2-4 teaspoonfuls to 
be given each day,^ In osteomalacia a one per cent, solution may be 
prescribed and 1-5 mg. phosphorus taken each day. 

Hey found the lime excreted in the urine in rickets increased under 
the treatment with phosphorated cod-liver oil, much less under the oil 
alone, and not at all under phosphorus alone. He regards this as in- 
dicating an increased absorption of lime from the food. Other bone 
diseases, such as caries and ununited fractures, have also been treated 
with phosphorus occasionally, but the results have not been recorded 
in sufficient numbers to allow of any statement as to the efficacy of the 
treatment. 

Treatment of Phosphorus Poisoning. — Phosphorus is comparatively 
slowly absorbed from the alimentary canal, so that in the early stages 
an attempt ought to be made to remo^^e it by emetics or the stomach 
tube, and by purges. Fats and oils must be avoided, as they tend to 
dissolve the poison and promote its absorption. Phosphorus has been 
found in the stools three days after its ingestion, and a sharp purge 
may therefore be of use up to this time. 

Another method of treatment is that aiming at the oxidation of the 
phosphorus in the stomach, or at the formation of unabsorbable com- 
pounds. Turpentine oil was formerly used with the object of oxidizing 
the phosphorus or of forming some compound with it in the stomach, 
but this treatment has proved q^iite valueless (Plavec). Sulphate of 
copper is recommended in phosphorus poisoning, a large dose being 
given first as an emetic, and afterwards smaller doses to form an insolu- 
ble compound, copper phosphide. Permanganate of potassium solu- 
tion, one per mille, has been recently advised to oxidize the phosphorus, 
while peroxide of hydrogen solution is of less value. In the secondary 
stage alkalies are recommended in order to neutralize the excess of 
sarcolactic acid formed in the tissues. 

Phosphorus necrosis has to be treated surgically on the same princi- 
ples as other necroses of bone. 

^ This would be equivalent to ^-2 mg. of phosphorus daily, but as a matter of fact 
the phosphorated oil from which the prescription is filled coiitains much less than one 
per cent., so that the dose actually taaen probably seldom amounts to more than one 
milligram daily. 
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XXXI. AXSENIG. 

Some of the less active preparations of arsenic, such as the sul- 
phides, Realgar (Asj.S^) and Orjiiment (ASjjS,^), have been known in 
therapeutics since the beginning of tlie Christian era, but this metal 
was brought into especial prominence in later times through the fre- 
quent use of the more dangerous oxides in criminal poisoning. Thus 
the notorious Aqua Tofana of the sixteenth and .seventeentli centuries 
owed its activity to the presence of arsenic, and various arsenical com- 
pounds have been used up to the la.st few years more largely than al- 
most any other poison in suicide and homicide. This is to be ex- 
plained by their having Ixjeu widely employed in the arts, and thus 
being readily accessible to all, and by the general recognition of their 
pisonous nature. Of late years intentional arsenic poisoning has be- 
come somewhat less common, though on tlie other hand, accidental 
poisoning is still met with not infrequently, especially in the chronic 
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forms. Many of these chronic cases are extremely difficult to diagnose, 
and probably often pass unrecognized by the attending physician. In 
view of this fact it seems desirable that more stringent measures should 
be taken to reduce the use of arsenic in the arts, and especially to pre- 
vent its being brought in contact with food. The danger of the use 
of the green arsenical dyes, such as Scheele^s Green (arsenite of cop- 
per), and Schweinfurt^s Green, or Paris Green (arsenite and acetate 
of copper), is now generally recognized, but arsenic is still used in the 
preparation of other colors, and these may give rise to poisoning from 
the imperfect removal of the metal. It has also been used in dilute 
solution to preserve food, and a solution is often sprayed upon grape 
vines and other plants to preserve them from the attacks of insects. 
Poisoning lias occurred from these sources and is difficult to diagnose, 
as it is in some cases impossible to find the means by which the arsenic 
enters the system. A widespread epidemic of poisoning in England 
in 1900 drew attention to a source of arsenic which had not up to that 
time received the attention it merited. Several thousands of persons 
suffered from arsenic being contained in cheap beers made from glu- 
cose, in the manufacture of which sulphuric acid had been employed. 
The sulphuric acid was formed from iron pyrites containing arsenic, 
and the poison was carried from the sulphuric acid with the glucose 
into the beer. Sulphuric acid is used in the manufacture of so many 
drugs, foods and other substances in constant use, that this intimation 
that it may convey arsenic into articles where its existence has not 
hitherto been suspected, is of the gravest importance. 

Metallic arsenic is insoluble in water, and passes through the alimen- 
tary canal for the most part unchanged afid without action, but it is 
possible that small quantities may bo oxidized to arsenious acid in the 
stomach and intestine under some conditions. Some symptoms have 
been observed when it is rubbed on the skin in a state of fine division, 
and these are probably due to its absorption in the form of an oxide. 
The characteristic arsenic ” action is induced by the salts of arsenious 
acid (ASO 3 H 3 ), and by its anhydride (AS 2 O 3 ) which is often known as 
arsenic, and which exists in the tissues as arsenites. Arsenic action is 
therefore due, not to the clement, but to the ion of arsenious acid. 
The anhydride and salts of arsenic acid (EL^AsO^) cause similar symp- 
toms, but are less poisonous and act more slowly than those of arse- 
nious acid, and may probably owe their effects to the formation of 
arsenites in the tissues. 

The action being duo to the ion and not to the element, it necessarily fol- 
lows that compounds from which the ion is not liberated, do not induce the 
arsenic action, or do so only when they are changed to bodies which can 
dissociate the arsenious acid ion. Thus organic arsenic combinations in 
which the metallic atom is directly attached to carbon are only feebly poison- 
ous, but in course of time seem to be changed to arsenious acid in the tissues, 
and then cause typical poisoning. The best known of these are cacodylic 
oxide ((0113)2 As 20(CH3)2) and cacodylic acid ((0113)2 A sOOH). Arsenical 
compounds of the aromatic series have also been examined pharmacologically 
and induce arsenic symptoms when given in large quantities. This poison- 
ous action is again due not to the undecomposed molecule, but to the arseni- 
ous acid derived from it, some of which is found excreted in^the urine. 
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Arsenious acid, whicli in the following pages will be taken as the 
representative of arsenic action, has a somewhat sweetish taste, and 
is therefore not so likely to be detected by the victim as many of the 
other poisons. 

Symptoms. — In large quantities ai'senic very often causes no symp- 
toms for half an hour or more, but then the patient complains of a 
feeling of constriction in the throat, of difficulty in swallowing, and 
of discomfort in the stomach region. Tins soon increases to violent 
pain, and is accompanied by vomiting, and later by watery diarrluea. 
The stools are at first of ordinary diarrhoeic appearance, but later re- 
semble the rice-water ” stools of cholera, in that they consist almost 
entirely of minute shreds of disintegrated mucous membrane suspended 
in a serous fluid ; sometimes, however, they are clear and gelatinous 
in appearance. In some cases, blood appears in the vomited matter 
and also in the stools, but this is not by any means an invariable fea- 
ture. The urine is diminished, or entirely suppressed, from the great 
amount of fluid eliminated by the stomach and bowel. These symp- 
toms from the alimentary tract are accompanied by giddiness, cramps 
in the muscles, headache, and soon by co]laj>se, with cold, damp skin, 
pallor, feeble pulse and weak, sighing respiration ; tins later passes into 
coma, and death follows with or without (jonvulsions. In erases in 
which the dose is smaller than the fatal one, or in which imu^h of the 
poison is eliminated, by vomiting, the patitait may recover without 
further symptoms than those already (h^scribed. Frequently, how- 
ever, he recovers from the acute symptoms only to dcvcloj) tljosc of 
chronic arsenical poisoning. In some instancies it is said that no 
symptoms are present except those of collapse and coma. In acute 
poisoning death may occur within 24 hours, but more frequently the 
patient lives for 2—4 days or longer, and then sneenmbs to exhaustion. 
The fatal dose is very uncertain, be(?ause arsenic is very insoluble, and 
much of the poison may be thrown up by vomiting, or pass out in the 
stools unabsorbed. Tims in some oases, recovery has followed after 
very large quantities, while in others about 0.1 (i\ (1^ grs.) has proved 
fatal. 

Chronic Arsenic Poisoning may arise from a single large dose, the 
effects persisting for weeks or months after the ingestion and new symp- 
toms arising as the earlier ones disappear ; more frequently, however, 
it is indticed by the prolonged absorption of small quantities. The 
milder symptoms may arise from its therapeutic use, but typi<5al cases 
are generally due to the presence of arsenic in the form of dyes in wall 
paper or clothes, or in stuffed animals in the rooms inhabited by the 
victims, or to the constant handling of arsenical pigments and other 
compounds in mines and manufactories. Widespread poisoning has 
been observed from the use of wines containing arsenic at Ily(*res in 
France, from milk diluted with arsenical water in London, and from 
beer in the Manchester district. In these last cases the arsenic was in 
solution, but it often seems to be inhaled in the form of fine dust, which 
falls from the walls or other objects. It has been suggested that the 
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arsenic dyes are decomposed by microbes and the volatile arseniuretted 
hydrogen (AsHg) inhded, but there seems no reason to suppose that 
this is the case^ and the inhalation of fine particles is a sufficient ex- 
planation. 

The symptoms of chronic arsenic poisoning, which are often very 
obscure, may be divided into three phases. In the first of these, the 
patient complains of weakness and languor, loss of appetite, some nausea 
and occasionally vomiting, with a sense of heaviness and discomfort in 
the stomach. Diarrhoea may be present, but is ofiben absent, and in 
fact some constipation may occur. 

In the seeond phase the conjunctiva is often red and inflamed, and 
symptoms of coryza appear, with sneezing, hoarseness and coughing, 
from a catarrhal condition of the mucous membranes of the nose and 
larynx. Some swelling of the liver and jaundice may occur, but these 
arc not generally well marked. Skin eruptions of various forms — pap- 
ular, vesicular, or erythematous — are generally noted ; very often the 
epidermis falls off in fine brownish scales, or in the hands and feet in 
laige flakes (keratosis) ; a curious pigmentation is very common, the 
skin assuming a dark metallic color resembling in extreme forms that 
produced by rubbing a lead pencil ujM)n it (arsenic melanosis). This 
pigmentation is much more marked in persons of dark complexion than 
in fair people in whom it may be indistinguishaible from ordinary freck- 
les ; it generally disappears when the patient is removed from the poH 
sonous atmosphere, but has been permanent in some cases. In pro- 
longed poisoning the eruptions may simulate almost any form of skin 
disease, and the hair and iiails fall off. Herpes is not infrequently 
observed and points to nervous disturbances such as are prominent 
features in the next phase. 

These phases are not always distinct in cases of poisoning, and very 
often some of the symptoms of the second phase may appear before 
any marked disorder of the digestive tract. In the prolonged thera- 
peutic use of arsenic, the first indications of commencing poisoning are 
redness, suffusion and swelling of the conjunctiva and eyelids, and 
dryness of the nose and throat, as in coryza. On the other hand, in 
workmen exposed to arsenical dust, the first symptoms may arise from 
the skin or from bronchial irritation. 

The third phase is marked by disturbance of sensation and motion in 
localized areas, generally in the hands and feet (peripheral neuritis). 
It is often ushered in by intense persistent headache or by acute 
pain located around the knee, ankle or foot, less frequently in the 
wrist and hand. The patient complains of formication in the ex- 
tremities, and of the discomfort caused by the pressure of the bed- 
clothes on the feet and legs. The palms of the hands and the soles of 
the feet are often red, swollen and extremely sensitive to touch (ery- 
thromelalgia), and pressure on the muscles induces the most intense 
pain. Later, sensory paralysis may set in, especially in the extrem- 
ities, and the less acute sense of touch in the feet and hands induces 
symptoms; resembling those of locomotor ataxia. The sensitiveness to 



heat and cold may be exaggerated or dulled, or sometimes heat is not 
appreciated, while cold causes intense pain. The sense of pain varies 
in different cases, in some being abnormally acute, in others deadened. 
These sensory disturbances are fidlowed in severe poisoning by motor 
paralysis which generally appears in the extensor muscles of the toes, 
later in the peronei muscles. More rarely the flexor muscles of the leg 
and foot are involved, and in some cases the affection commences in the 
extensors of the hand and fingers. As a general rule the paralysis is 
confined to the extremities, but in some eases it has been found to in- 
vade the trunk. It is generally, but not invariably, symmetrical, and 
the muscles affected atrophy rapidly, and contract weakly to the gal- 
vanic shock, not at all to the faradic except in the beginning of the 
affection. This lessened excitability of the muscles sotnetimes appears 
before the typical degeueratioii reaction is observed, but is then fol- 
lowed by it later. The muscles are abnormally excitable to mechanical 
stimulation, however, while the tendon reflexes are generally entirely 
absent. There is sometimes some diffieiilty experienced in diagnosing 
arsenic from lead jiaralysis, but in the former there is often a history 
of acute poisoning, while the latter is almost invariably due to pro- 
longed absorption. Disturbances of sensation are much more com- 
mon in arsenic than in lead palsy, and in the latter the forearm mus- 
cles are generally affected first, in the former those of the leg. In 
arsenic poisoning atrophy is said to occur much more rapidly, and 
there is no line on the gums. Another condition which presents still 
greater difficulties in diagnosis is alcoholic neuritis. But in the latter 
skin eruptions are extremely rare, coryza is not present, and there are 
generally more mavktid brain symptoms than in arsenical cases. In 
doubtful cases the urine and the hair of the patient should be tested for 
arsenic. 

Arsenic paralysis may appear as early as thnio days after an acute 
intoxication, but is commonly observed later and may occur only after 
8-4 weeks. Some authors have asserted that in chronic arsenic poi- 
soning there is a paralysis of the sexual jiowers (anaphrodisia), and 
ascribe this to an action on the nerves of the sexual organs, similar to 
that observed in the extremities, but this symptom is not by any 
means generally present, and, in fact, abnormal sexual excitement has 
been noted in some cases. 

In very prolonged arsenic poisoning the jiatient may sink into an 
apathetic, semi-idiotic condition, or may become epileptic. In most 
cases the symptoms slowly disappear when the ])oison is removed, but 
even slight paralysis may last for many years before it is entirely 
cured, and after complete degeneration of the muscles little improve- 
ment is to be expected. The contractures which follow arc generally 
due to the unopposed action of the sound muscles, but sometimes arise 
from the shortening of the j)aralyze<I ones. 

Arsenic poisoning generally occurs from the inhalation of particles 
of the drug, or from swallowing solutions or powders. But the same 
symptoms have been elicited in animals by subcutaneous or intravenous 
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injection, and some cases of poisoning in man are recorded in which 
the arsenic gained entrance to the body through its application to burns 
or other surfaces denuded of skin, or from its application to mucous 
membranes, as in the vagina. 

Action. — The symptoms of arsenic poisoning, as far as the Alimen- 
tary Canal is concern^, resemble those of corrosive poisoning so closely 
that it was long supposed that arsenic had some destructive effect upon 
albumins, resembling that of the acids and corrosive metals. Many 
attempts to form a combination between proteids and arsenic have 
been made, but have proved fruitless ; arsenites and arsenious acid do 
not coagulate proteids or change them in any way, except when applied 
in such enormous quantities as never reach the stomach. 

The action of arsenic on the alimentary canal cannot be explained 
as due to any ordinary form of corrosion, therefore, although the symp- 
toms and the post-mortem appearances resemble in many points those 
of the corrosive poisons. Thus the mucous membrane of the stomach 
is generally found red and swollen, either in patches or throughout its 
whole extent. Hsemorrhages into it are occasionally present, but are 
not by any means a constant feature, and little or no erosion can be 
made out as a general rule. The epithelial coat can be rubbed off 
very easily, and is found to be in a state of fatty degeneration. It 
sometimes resembles a false membrane and has been described as such, 
but closer examination shows it to consist almost entirely of the degen- 
erated epithelium. This destruction df the epithelium is often con- 
fined to particular parts of the organ, affecting the posterior wall 
chiefly in man. Where arsenic has been swallowed in powder, and 
has remained in contact with the vrall for some time, the congestion is 
often more marked, and here even erosion may appear. In some cases 
no congestion of the stomach is met, the only lesion consisting in 
cloudy swelling and fatty degeneration of the gland-cells, similar to 
that mentioned under phosphorus. 

The intestine presents very similar appearances, the mucous mem- 
brane being swollen and congested, more especially around Peyer^s 
patches. It contains a quantity of thin fluid with flakes of membrane, 
resembling exactly the rice-water stools of cholera, and in fact it may 
be difficult to distinguish the intestine of arsenic poisoning from that of 
cholera. Small particles of arsenic are often found in the stomach and 
bowel, even after profuse vomiting and purging. 

In some cases the redness ard congestion extends up to the throat 
and causes a feeling of soreness in the mouth. 

The first explanation suggested for the action of arsenic on the ali- 
mentary tract, namely, the corrosive action of the drug, has been 
shown to be incorrect, for the same symptoms arise when arsenic is 
absorbed from the subcutaneous tissue, or from the broken skin. This 
does not entirely preclude the corrosive action, for arsenic, though ab- 
sorbed from the skin, may be excreted by the mucous membranes, and 
thus corrode them ; and, as a matter of fact, small quantities (up to a 
millig^^‘\m) haye been isolated from the stomach and intestines, when 
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airseiiic was injected intravenously in animals^ but these are obviously 
insufficient to cause such violent symptoms. Besides, as has been 
stated, arsenic does not change proteids in solution as the corrosive 
poisons do, and cannot therefore elicit typical corrosion. Boehm 
and his^ pupils have suggested that the gastro-intestinal action of 
arsenic is due, not to any direct action on the epithelium, but to the 
vascular changes induced by it. They suppose that the extreme dila- 
tation of the intestinal vessels and capillaries gives rise to the conges- 
tion and swelling, and this in turn to the destruction of the lining 
membrane, perhaps by the exudation of fluid beneath the epithelium. 
This transudation of fluid is certainly in accord with the watery char- 
acter of the stools in arsenic poisoning, but the explanation does not 
seem entirely satisfactory, for it fails to account for the fatty degener- 
ation and the cloudy swelling of the epithelium, which are in some 
cases the only lesions found here. The fatty degeneration is not con- 
fined to the stomach and bowel, but involves a number of other organs, 
although it is not as a general rule so widely distributed as in phos- 
phorus poisoning. Arsenic then must be considered to have a specific 
action in causing fatty degeneration of the epithelium of the stomach 
and intestine. This in itself is sufficient to explain many of the 
symptoms from these organs, altliough it may well be that the vascular 
action is the cause of the excess of fluid in the intestine, and in fact, 
the fatty degeneration alone is insufficient to explain this feature, which 
is absent in phosphorus poisoning. In cases of poisoning where the 
arsenic is taken by the mouth, and especially when large quantities of 
dry arsenious acid are swallowed, the specific action on the epithelium 
and the vascular action are probably intensified by the direct contact 
o£ the poison, Pilehne is disposed to regard the corrosion of the 
stomach which is sometimes observed, as due to the digestion of the 
epithelium killed by arsenic, and not to the direct a(*tion of the 
poison. 

In therapeutic doses arsenic is said to increase tlie ap])ctite and pro- 
mote digestion, an effect which may j)erhaps be due to the sj)ecific ac- 
tion on the epithelium, this in its milder forms proving of advantage 
to the organ, though in excess it leads to its degeneration. 

. The action of arsenic on the Circulation has l)een investigated by 
several authors, who have obtained discM^rdant results. In the frog 
the heart is slow and weak, eventually becomes irregular, and ceases 
in diastole after comparatively small doses ; the action secjins to be a 
direct paralysis of the muscle. In the mammal the heart is hiss 
affected ; it is somewhat accelerated by very small doses injected in- 
travenously, but is slowed by larger ones, and the inhibitory mechan- 
ism does not seem to be altered. The blood-pressure is often increased 
at first, but soon falls after large doses. The cause of this fall has 
been a matter of dispute, but the most recent investigator (Pistorius) 
attempts to bring the results of his predeccissors into accord by ex- 
plaining tliat tlie vaso-motor cemtre and later the splanchnic; nerves lose 
their control over the vessels. When the j)ressnrc begins to fall, it 
39 
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may be rt.^tored by stimulation of the yaso-motor centre, but this loses 
its eflPeot later, althou«yh direct stimulation of the splanchnic nerves 
still increases the tension. Still later the splanchnics lose their action 
through paralysis of their ends, or of the vascular walls, while the 
other vaso-constrictor nerves are still capable of narrowing the vessels j 
for instance stimulation of the cervical sympathetic still causes pallor 
of the ear, so that this action of the drug seems to be confined to the 
splanchnic area. The dilation of the mesenteric vessels leads to very 
marked congestion of the stomach and bowel, and along with the les- 
sened efficiency of the heart reduces the blood-pressure to zero. Some 
evidence has been brought forward that under arsenic the capillaries 
permit the passage of fluid into the tissues more readily than normally ; 
this may explain the appeai^ance of oedema in cases of poisoning and 
also the large amount of fluid in the stools and vomited matter. 

The Respiration is somewhat accelerated at first by the intravenous 
injection of small quantities of arsenic, but afterwards returns to its 
normal rhythm. In cases of poisoning in man the respiration does 
not seem to be much affected until late^ but it ceases before the heart, 
probably from the exhaustion and low blood-pressure, and not from 
any specific action on the centre. 

The action of arsenic on the Central Nervous System has been re- 
peatedly examined. A descending paralysis is elicited in the frog, the 
animal first losing its spontaneous movements, and then its reflexes, 
iind the terminations of the motor nei^ves being involved only very late 
in the intoxication. There is no question that the brain, spinal cord 
and nerve ends are directly acted on in these animals, for paralysis is 
elicited by arsenic much sooner than by arrest of the circulation by 
excision of the heart. In mammals there are generally no certain in-^ 
dications of direct action on the nervous system in acute poisoning, 
for tlie weakness and prostration, and the final loss of consciousness 
and coma may be attributed to the exhaustion from the gastro-intes- 
tinai effects rather than to the centres being immediately affected. At 
the same time the acceleration of the respiration in the beginning of 
the intoxication, and the paralysis of the vaso-motor centres, would 
seem to point to a direct action on the medulla oblongata. 

The pathology of the nervous disturbances observed in chronic poi- 
soning, and often after a single large but not immediately fatal dose, is 
still obscure, and probably bears no relation to the symptoms observed 
in animals in acute poisoning. In many cases of paralysis, there is 
distinct tenderness along the course of the nerve trunks, which would 
suggest peripheral neuritis as the cause. Kreyssig could find no altera- 
tions in the spinal cord in cases of poisoning in animals except occa- 
sional haemorrhages, which did not seem to be of consequence. Jaschke 
and Alexander observed peripheral neuritis in animals, and the ques- 
tion therefore seemed decided in favor of the peripheral origin of the 
symptoms. More recently, however, in two autopsies of persons suffer- 
ing from arsenical paralysis, undoubted lesions of the spinal cord have 
been described. The symptoms point so unmistakably to peripheral 
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neuritis as the cause, however, that the almost universal opinion is 
that the nerve fibres are the primary point of attack, although in 
severe cases the affection may involve the nerve cells in the cord in 
addition. 

The peripheral nerves and the muscles are little affected by arsenic in 
acute poisoning ; but the muscles of a frog poisoned with arsenic are found 
to lose their irritability somewhat sooner than those of one whose circulation 
and central nervous system have been destroyed, so that the poison has some 
deleterious eftect on them also. 

The unbroken Skin is not affected by arsenic, unless when it is ap- 
plied repeatedly or allowed to remain in contact with it for some time, 
when it may give rise to redness, pustules or vesicles and later to 
violent erysipelatoid inflammation. It has not, however, any such 
corrosive action on the skin as is possessed by strong acid^i, and 
the subcutaneous injection of arsenic is not painful. It is more 
active when applied to denuded surfaces and to the mucous mem- 
branes, destroying them to some depth and causing acute pain, but 
even here it acts more slowly than ordinary caustics. It seems to act 
only upon living cells, and unlike acids and alkalies, forms no combi- 
nations with the dead tissues. The local effects of arsenic on the skin 
are seen only in workmen handling arsenic, as in color factories, in 
which affections of the skin of the face, hands and scrotum are by no 
means rare. 

In arsenic poisoning skin eruptions are common, and may be due in 
part to circulatory disorders, but are to be ascribed for tlie most part 
to the direct action of the drug on the skin. Tliis appears to acccler- 
* ate the growth and proliferation of the epithelium, which is found to 
be increased in thickness, but which in very severe eases shows signs 
of atrophy and degeneration. Arsenic has been found in aj)- 
preciable amount in the hair, epidermal scales, and in the fluid of 
a blister in patients treated with it, and changes in the condition of 
the skin in animals have also been observed. Thus Ringer found the 
epidermis of the frog peel off with great ease when it was poisoned 
with arsenic, and Nunn ascribes this to the softening of the protoplasm 
of the deeper cells of the epidermis ; analogous changes have been ob- 
served in the cornea. 

The melanosis of arsenic poisoning seems to be due to the deposi- 
tion not of an arsenicjil com{)ound, but of some organic product in the 
deeper layers of the coriura. The symptoms of irritation of the mu- 
cous membranes of the eye, nose and larynx are analogous to the skin 
eruptions. 

The action of arsenic on The Blood is still obscure, although it is fre-* 
quently prescribed in various forms of ansemia. In chlorosis and in 
normal persons, it is said to diminish the number of the red corpuscles, 
but not to alter the total hsemoglobin of the blood. In a case of 
pernicious amemia recently examined by Engel, it was found that ar- 
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senic increased the number of young newly formed red cells while the 
number of more mature corpuscles was diminished. Bettmann states 
that in subacute poisoning in rabbits, the red cells and haemoglobin are 
diminished, and nucleated red cells appear in the blood in some num- 
ber ; he holds that arsenic acts on the blood, and also on the blood- 
forming organs. Stockman and Greig found the blood cells and 
haemoglobin unaltered by arsenic in normal animals, but describe the 
bone-marrow as evidently in a state of unusual activity, indicated by 
its increased vascularity, greater number of red blood corpuscles and 
lessened fat cells. 

In some cases of arsenic poisoning Fever is observed ; this does not 
seem due to any specific action of the drug but to the inflammation of 
the mucous membranes and the skin. 

The Metabolism is aficcted by a poisonous dose of arsenic in the 
same way as by phosphorus, but the alteration is not generally so 
marked and is liable to be overlooked, owing to the more intense action 
on the alimentary canal. The nitrogen of the urine is considerably 
greater than that of inanition, but it is not quite clear whether this 
is due to an increase in the urea or to other nitrogenous substances. 
The ammonia is probably augmented, for a considerable amount of ^ 
lactic acid has been obtained from the urine, and the alkalinity of the 
blood is reduced owing to the formation of this acid in excess. The 
glycogen of the liver disappears entirely, and the liver seems incapable 
of forming it from the sugar of the food. Lesion of the medulla 
oblongata (diabetes puncture) does not cause glycosuria after arsenic, 
but curara and other drugs are still capable of eliciting this symptom. 
The fatty degeneration of the epithelium of the stomach and intestine 
has been mentioned already, but this alteration is not confined to these 
tissues, being found in the liver and kidney, in the muscle cells of the 
heart, blood vessels and striated muscles, and in the lining epithelium 
of the alveoli of the lungs. Small necrotic foci have been observed 
by Wolkow in the liver, along with signs of active division of the 
parenchymatous cells, as in phosphorus poisoning. 

Many of these changes admit of the same explanation as that given 
in phosphorus poisoning, namely, that arsenic lessens the oxidation of 
the tissues and causes fatty degeneration of the cells of various organs ; 
it may also increase the waste of the proteids of the body directly, 
but the increase in the nitrogen of the urine may perhaps be sec- 
ondary to the other features. Attempts have been made to demonstrate 
the lessened oxidation by estimating the respiratory gases, but here, 
as in phosphorus, no satisfiictory results can be obtained by this method, 
owing to the slow progress of the intoxication, and to the diminished 
movement and retarded digestion ; these in themselves are sufiScient to 
cause a marked fall in the output of carbonic acid and in the absorp- 
tion of oxygen, without any direct action on the tissue cells. The 
metabolism is less affected by arsenic than by phosphorus, however, 
for the fatty degeneration is less marked and less lactic acid is ex- 
creted. Ifenckl and Sieber have also shown that benzol can be oxi- 
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dized to phenol in animals poisoned with arsenic, while in phosphorus 
poisoning the tissues are unable to effect this. 

The fatty degeneration may have the same results as in phosphorus 
poisoning. The liver is somewhat enlarged and the pressure on the 
bile ducts prevents the escape of bile into the intestine, and thus 
induces jaundice and the appearance of bile pigments and bile acid in 
the urine. Jaundice is seldom, however, a very marked feature in 
arsenic poisoning, and is often entirely absent. The bile is said to con- 
tain albumin, red blood cells, and casts as in phosphorus poisoning, but 
does not present other changes except immediately before death 
(Pilzecker). 

The prolonged administration of arsenic in quantities insufficient to 
produce chronic poisoning is reputed to have some effect on the 
Growth and Nutrition. It is difficult to obtain accurate data in regard 
to this point, and while the improvement. in nutrition is attested by a 
number of independent observers, other equally careful investigators 
have not been able to confirm their results. Gies treated some of a 
litter of young rabbits with arsenic in minute doses for several weeks, 
and found that they weighed more, and were larger in every way than 
the untreated animals ; the subcutaneous fat was much greater in 
amount, the bones were longer, and the muscles more developed. The 
long bones presented the appearance described by Wegner under phos- 
phorus treatment, being longer and containing more dense bone both 
in the shaft and the epiphyses. Female rabbits treated with arsenic 
bore young of abnormal size and weight ; Gies, in fact, supposes that 
their size caused difficulties in their passage through the pelvis, for 
they were all born dead. Several other observers have described a 
more rapid growth and greater activity in young animals treated with 
arsenic, and an increase in weight is often noted in man. On the 
other hand Stockman and Grcig observed no change in the growth of 
animals under prolonged treatment with arsenic, and found that the only 
tissues affected were the growi ng bones, wh ich appeared denser than usual. 

The improvement in nutrition has not been explained, though a slight 
decrease in the nitrogenous excretion and in the amount of nitrogen 
in the stools has been noted by Weiskc, who holds that more of the 
food is utilized by the digestive apparatus, and at the same time, less 
protcid is decomposed in the tissues. The cliange in the amount of 
nitrogen excreted is so small, however, that doubt may be entertained 
whether it may not be due to unavoidable errors in the estimation, and 
other investigators have been unable to detect any alteration attribut- 
able to the drug. Fresh investigJition of this point is thus required 
before certainty can be reached regarding the effects on the nutrition, 
and still more regarding the explanation of the alterations. 

When small quantities of arsenic are taken habitually. Tolerance is 
established, and the dose may l)e gradually increased until it far ex- 
ceeds that which would be poisonous in ordinary persons. This is 
the explanation of arsenic-eating which is known to exist in different 
parts of the world, but which is most widespread and best known in 
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Styria and the Tyrol. The peasants there indulge in the poison habit- 
. ually, and believe that it enables them to work better, and in particular 
to climb the mountains with less effort and less respiratory distress. 
They also credit it with improving their complexions and general ap- 
pearance, and give it to their horses in order to render their coats more 
smooth and glossy, and to make them stronger and fatter. Doubt was 
formerly entertained as to the truth of the statements made regarding 
the doses used by these people, but this was definitely settled by Knapp, 
who administered 0.4 Gr. (7 grs.) of arsenious acid to one of the peas- 
ants at Graz without inducing any effects whatsoever. Large quanti- 
ties of arsenic have also been isolated from the urine of arsenic eaters, 
showing that much of the drug is absorbed. Arsenic-eating is said to 
be indulged in to a considerable extent by young women in some coun- 
tries with the object of improving the complexion and figure, and cases 
of arsenic habit have been described in different parts of America and 
elseAvhere. As far as can be observed the habit is not deleterious, for 
the Styrian peasants live to old age, and no symptoms attributable to 
the poison have been noted. As a general rule large doses are taken 
once or twice a week, and no fluid is swallowed for some time after- 
wards, so that some of the poison may pass through the bowel unabr, 
sorbed. No tolerance for arsenic has been established in animals, even 
by prolonged treatment with minute doses. 

As a contrast to the Styrian peasants, the miners of Reichenstein 
may be mentioned, who are constantly^ exposed to arsenic owing to its 
being contained in large quantities in the ore. These people are de- 
scribed by Geyer as shortlived, very subject in childhood to severe 
rickets and in adult life to dropsies and respiratory diseases ; they 
offer little resistance to microbial infection and frequently present the 
. skin and nervous symptoms of arsenic poisoning. Why arsenic should 
be beneficial or at any rate harmless at Graz, and so deleterious in 
Reichenstein, it is impossible to state at present. But it is not unlikely 
that the contrast may rest upon differences in the general nutrition, for 
Delepine and others have found that animals supplied with abundant 
food and in good hygienic conditions survive under chronic arsenic 
poisoning much longer than less well nourished ones. This difference 
in the nutrition may also explain the fact that in epidemic poisoning, 
as in the Manchester cases, comparatively few of the persons exposed 
to the poison exhibited any symptoms from it. 

Arsenic is Excreted for the most part in the urine, to a much smaller 
extent in the stomach and bowel and along the respiratory mucous 
membranes. Traces are eliminated in the skin secretions, in the hair, 
and in the milk, and fatal intoxication has been observed in a child 
from the milk of its mother, who was suffering from acute poisoning. 
In the urine arsenic appears in part in organic combinations, in part, 
according to Selmi, in the form of a volatile organic base, which is in- 
tensely poisonous and causes convulsions in frogs. Arsenic is only 
slowly excreted ; it is stated to have been detected in the urine 2-3 
months afN^r its administration, but it has been shown to occur in the 
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urine of a number of persons who presented no signs of poisoning and 
had not been treated with arsenic, so that it is possible that in those 
cases of slow elimination the arsenic of the urine did not arise from the 
single administration, but from its subsequent absorption from some 
other source, such as the water or air. There is no question, however, 
that it remains in the system longer than many other poisons. It is 
probable th‘at the effects, especially the paralysis, last long after the 
drug has been excreted, lesions having been induced which are only 
slowly recovered from. 

Arsenic is found in largest quantity in the liver, in which it forms 
a firm combination with the nucleins ; it is also deposited in the kid- 
ney, in the walls of the stomach and intestine, and in the spleen and 
lungs. Much smaller quantities are found in the muscles and in the 
nervous tissues, which were formerly supposed to contain more than 
the liver. It is stated that in cases of poisoning arsenic is found in 
the white matter of the brain in much larger proportion than in the 
cortex. In the blood most of the arsenic is said to be contained in the 
blood cells, comparatively little being free in tlie plasma. Arsenic has 
been detected in the cancellous bones of the skull and vetebrce, after it 
had disappeared from all the other organs. 


Arsenic is poisonous to tnany of the lower forms of life, as well as to the 
vertebrates ; thus it has been found that its presence in comparatively dilute 
solution (one part of arsenious acid in 30,000 parts of water) hinders the 
development of, and eventually kills algm and the seeds of the higher plants. 
On the other hand, moulds grov* abundantly in a solution of arsenite of 
potash (1 per cent.) containing some organic matter, and the alcoholic fer- 
mentation proceeds in the presence of arsenic, although it is somewhat re- 
tarded at first ; very dilute solutions of arsenic even accelerate the fermen- 
tation, as is true of most other antiseptics. Arsenious acid is only about 
one-tenth as strong an antiseptic as perchloride of mercury, and the spores 
of anthrax are destroyed only after ten days in a on<3) per raille solution. It 
has therefore a greater antiseptic power than many of the other acids, but 
compared with its action on the higher forms of life, it is but slightly 
poisonous to the fungi. It seems to have no effect on the activity of the 
ferments, such as pepsin, myrosin and emulsin. 

The arsenates are much less harmful to lowly organized forms, for seeds 
and algm as well as moulds grow in a neutral solution abundantly, and even 
the infusoria do not seem injured by it to any marked degree. Apparently 
these plants and animals are incapable of reducing it to arsenious acid, and 
are therefore not more affected by it than by other acids. 

The bodies of persons poisoned with arsenic are said to remain undecom- 
posed for a remarkably long time, and to tend to become mummified. The 
statement is still disputed, but is vouched for by a number of authorities. 
It is certainly not invariably the case, and little weight is to be laid upon 
mummification in determining whether arsenic poisoning was the cause of 
death in exhumed persons. 

No account of the pharmacology of arsenic would be complete without 
mention of the theory advanced by Biiiz and Schulz to explain its action. 
They suppose that arsenious acid is oxidized to arsenic acid by the living tis- 
sues, and the arsenic acid again reduced to arsenious. In this way oxygen is 
alternately withdrawn from, and supplied to the protoplasm, and this alter- 
nate reduction and oxidation they suppose to be the essential feature of the 
action of arsenic. The grounds on which this explanation is based must be 
sought in the numerous papers on the subject by these authors, and it may 
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suffice here , to state that while arsenic acid appears to be reduced, and 
arsenious acid oxidized in the tissnes, thase processes are probably only 
gradual. Otherwise it would be difficult to explain how arsenious acid is so 
much more poisonous than arsenic add, for if the latter were readily re- 
duced to arsenious acid it would be equally toxic. 

Arsenic and phosphorus are included in one group in chemistry, and 
their effects on living organisms present sufficient resemblance to jus- 
tify their association in the pharmacological system. The mucous 
membranes and the skin arc more affected by arsenic, however, and 
the circulation is more rapidly depressed, while the fatty degeneration 
of the protoplasm of the vertebrates is much more prominent in phos- 
phorus poisoning. The differences between their effects are more in 
degree than in kind, and there seems no question that their ultimate 
action on protoplasm is of the same nature. It is to be noted, how- 
ever, that there is no reason to suppose that phosphorus owes its 
action to any of its numerous compounds with oxygen, while it is 
probable that the oxides of arsenic alone are capable of modifying 
vital functions. 

The Sulphur Compounds of arsenic are entirely insoluble and are therefore 
not absorbed as such, but it seems likely that small quantities of arsenious 
acid are formed from them in the intestine by microbes. Commercial orpi- 
ment often contains large amounts of arsenious acid. 

Arseniuretted Hydrogen (AsHj) is an exceedingly poisonous gas, which 
has caused a number of fatal accidents from being inhaled accidentally in 
chemical laboratories. One source of danger is the liberation of hydrogen 
from acids by the action of zinc, which often contains arsenic and therefore 
gives rise to this gas. It differs entirely from the oxides of arsenic in its ac- 
tion, and there is no reason to suppose that it forms these in the body. Pos- 
sibly traces of arseniuretted hydrogen are formed from arsenious acid in the 
intestine, but in insufficient (luantities to have any appreciable effect. Ar- 
seniuretted hydrogen acts as a molecule, AsIIg, arsenites as ions, and the 
fact that both molecule and ion contain an atom of arsenic, does not neces- 
sarily entail that their effects shall bear any resemblance. 

Ai’seniuretted hydrogen acts by destroying the red corpuscles of the blood, 
and induces intense headache, nausea and vomiting, prostration and faint- 
ing fits, cyanosis and collapse. Haemoglobin, methacraoglobin, haematinand 
occasionally blood are passed in the urine, and more rarely the stools contain 
blood. Sometimes the urine is entirely suppressed from the tubules being 
plugged with blood cells and debris, and intense icterus appears from the 
formation of excess of bile pigment from the haemoglobin of the disinte- 
grated corpuscles. Qildema of the lungs or sudden failure of the heart is the 
cause of death. Some of the gas is excreted by the lungs, and may be rec- 
ognized by its garlic odor, and some arsenic appears in the urine, but it is 
not known in what form. 

Preparations. 

Arskni Trioxidum (U, S. P.), Acidum Arssjniosum (B. P.) (As^Og), 
arsenous or arsenious acid anhydride, white arsenic, ratsbane, forms a white 
powder, or opaque, porcelain-like masses, or a transparent, amoi-phous sur- 
face like glass. It dissolves slowly in cold water, the glassy variety requir- 
ing about thirty, the porcelain about eighty parts of water. It is almost 
tasteless and has no odor. 1-5 mgs. GV-iV gr.), in piU or solution, after 
meals. The “ Asiatic ” pill consists of arsenic, black pepper and liquorice. 

Liquor Acidi Arsenosi (U. S. P.), Liquor Arsenici JSydrochloricus (B. P.), a 
one per cent, solution of arsenous acid acidulated with hydrochloric acid, 
0.05-0. 5 c.c. (i-8 mins.), 3-5 drops three times daily, after meals, 
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Liquor PoTAssn Arsenitis (U. S. R), Liquor Arsenicalis (B. P.)» Fow- 
ler’s solution, contains one per cent, of arsenous acid neutralized with bicar- 
bonate of potash, to which compound tincture of lavender is added to give 
color and flavor. 0.05-0.5 c.c. (1-8 mins.), 3-5 drops three times daily, 
after meals. 

Sodii Arsenas (U. S. P.) (Na 2 HAsO^+ TH^O) forms colorless, odorless ci*ys- 
tals, very soluble in water, with a mild, alkaline taste. 1-5 mgs. gr.)* 

Sodii Arseftim (B. P.), Sodii Arsenm Ecsicmtm (U. S. P.) (NjigHAsOJ, is 
prepared from the ordinary arsenate (U. 8. P.) by driving olf the water of crys- 
tallization, and forms a white powder. gJ*- 

Liquor Sodii Arsenatis (U. S. P., B. P.), Pearson’s solution, aonp percent, 
solution of the sodium arsenate of the respective pharmaeopadas. 0.05-0.5 
c.c. (1-8 rains.). 

Arseni lodidum (U. S. P.), Arsenii lodidmn (B. P.) (Asl^), glossy, orange- 
red crystals with an iodine odor and slowly giving ofl" iodine in the air ; it is 
soluble in 7 parts of water, but the solution soon decomposes into arsenous 
and hydriodic acids. 3-10 mgs. (aVJ gi*-)* 

Liquor Arseni (Arsenii, B. P.) et Hydrargyri Iodidi (U. S. P., B. P.), 
Donovan’s solution, contains one per cent, of araenic iodide and one per 
cent, of red mercuric iodide. This solution is clear and yellowish, without 
odor, but with a harsh metallic taste. 0.3-1. 3 c.c. (5-20 mins.), after meals. 

Ferri Arsenas. (See Iron.) 

Some mineral waters contain ansenic, that of Levico as much as 8 mgs. 
per litre. 

Therapeutic Uses. — The action of arsenic as ascertained from ex- 
periments on the lower animals and from cases of poisoning in man 
throws little light on its use in therapeutics, and so little is known of 
the pathology of most of the conditions in which it is found of benefit, 
that no attempt can be made to bring the two series of observations 
into relation. 

Arsenious acid has been used externally as a caustic, formerly in 
various forms of malignant disease, more recently in lupus, in which 
it is said to destroy the diseased surface while leaving the healthy skin 
unaffected. It has been superseded, however, by the introduction of 
surgical measures, such as scraping with the sharp spoon. Arsenic in 
substance is still used in dentistry to destroy the pulp in decayed teeth. 

Internally arsenic is used in malarial disease, especially in invete- 
rate cases in whicli there in much cachexia. In acute cases it is also 
of benefit, but is much less certain in its effects than quinine, and it is 
very questionable whether it acts on the malarial organism, for its effi- 
cacy often seems due rather to its improving the general nutrition and 
lessening the cachexia and wasting. Many authorities, in fact, depre- 
cate the use of arsenic in acute malaria, and would limit its use to the 
cachexia of old disease, while others advise its use with iron in ordinary 
cases, after the acute stage has been successfully treated with quinine. 

Arsenic has also been used with benefit in neuralgia, especially when 
it assumes a periodic character, and in chronic rheumatism, but in many 
cases no definite improvement follows, and the conditions under which 
it is of value cannot be more accurately defined at the present time. 
Old cases of chorea often improve under arsenic, which may imply 
some action on the central nervous system, although, as has been 
stated, little alteration in the nervous functions is observed in mu- 
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mals except under very large doses. Asthma has also been treated 
with arsenic given by the stomach, or by the inhalation of arsenic 
from smoking cigarettes made with arsenical paper. 

Small doses of arsenic are often of service in increasing the appetite 
and improving the general condition in diseases accompanied by 
cachexia, want of appetite, general weakness and apathy. 

In pernicious ansemia, arsenic is said to be beneficial, but the im- 
provement is only temporary. Many forms of skin disease are treated 
with arsenic, some of them with the happiest results. Thus in psoria- 
sis, chronic eczema and lichen ruber, marked improvement or complete 
recovery often dates from the beginning of the arsenic treatment. It 
is generally advised only in the chronic forms, and is said to be posi- 
tively deleterious during the earlier stages of rapid cell proliferation. 

In lymphoma, arsenic has been given internally and also by direct 
injection into the tumors, and often, though not by any means inva- 
riably, proves of value. Various other forms of leucaemia have been 
treated with less success. 

The action of arsenic in reducing the glycogen of the liver suggested 
its use in diabetes, but most reliable authorities have failed to obtain 
satisfactory results. Arsenic has been used in some forms of trypano- 
soma infection in animals, and has been found to improve similar con- 
ditions in man. 

Arsenic is in the great majority of cases prescribed in the form of 
Powler^s solution. It is generally advisable to commence with small 
doses, and to increase them as tolerance is developed, but some au- 
thorities advise large doses from the outset. Arsenic is always pre- 
scribed to be taken after meals, in order to avoid any possible action 
on the digestion.^ Several authors have recommended the hypodermic 
injection of Fowler’s solution diluted with two parts of water. (Dose 
0.5 C.C., 8 mins.) Arsenic is contraindicated in cases of irritation of 
the stomach and bowel, and is |?inerally avoided during acute fever, 
except in malaria. 

If symptoms of chronic poisoning begin to assert themselves, the 
drug must be discontinued at 5nce. The first symptoms are generally 
disordered digestion, loss of appetite and discomfort in the stomach 
region, a feeling of constriction in the throat and redness and swelling 
of the conjunctiva and eyelids. 

In Acute Arsenic Poisoning the stomach ought to be emptied at once 
by means of the stomach tube or by an emetic (apomorphine). The 
stomach washing is to be continued for some time, as arsenic is veiy 
insoluble. Iron or magnesium preparations have been advised in order 
to form a loose chemical combination with the arsenic ; freshly pre-r 
cipitated iron hydrate formed by adding magnesia to a solution of iron 
sulphate forms the well-known arsenic antidote, or magnesia alone is 
sometimes given shaken up with water. Experiments on animals 

^Cacodylate of sodium, in doses of 0.05 G. (1 gr.), has recently been recom- 
mended^ a substitute for the ordinary arsenical preparations. It appears to be ex- 
creted for the most part unchanged but a small percentage is reduced and this has 
the sapie efle4 ^ the more commonly used preparation (SLefiter). 
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show these antidotes are useless and that reliance is to be placed on 
repeated and copious lavage only. 

The collapse is treated by the ordinary measures, warmth and stimu- 
lants, such as caffeine and digitalis. In chronic poisoning, the paraly- 
sis is treated by stimulating the muscles with the galvanic current, the 
other symptoms by suitable general treatment. 
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PART IV. 

THE HEAVY METALS. 

HEAVY METALS. 

A liARGE number of important drugs, belonging to the chemical 
series of heavy metals resemble each other so closely in their action in 
living organisms that they may be readily grouped together in a divi- 
sion of the pharmacological system. Some authors include in this 
series arsenic and antimony, but the former presents so many analogies 
to phosphorus in its effects that it is preferable to treat it apart from 
the heavy metals. Antimony is certainly as closely related to arsenic 
as to this group, and may be regarded as a connecting link between 
them. 

The metals as such do not induce any symptoms except from their 
mechanical properties. Thus mercury may be swallowed in large 
quantities without causing mercurial poisoning, and silver or copper 
coins are equally devoid of effect as poisons. They are active only 
when they are capable of dissociation into ions of the metal or of an 
oxide. Thus potassium ferrocyanide does not cause any symptoms of 
iron poisoning when it is injected into a vein, because the iron passes 
through the body undissociated, and any effects are due to the ferrocya- 
nide ion and not to the iron. In the same way compounds of the metals 
with ethyl and methyl, such as lead triethyl, have an action quite dif- 
ferent from that of lead, as long as they remain undecomposed in the 
tissues, but eventually induce metallic poisoning, as they are broken 
up into bodies from which the lead or lead oxide ion can be dissociated. 

The action of the heavy metals consists of two parts, the local effects 
induced at the point of application, and the general effects which fol- 
low the absorption of the poison into the blood and tissues. Either of 
these may be produced alone by suitable preparations and modes of 
administration, and they are to be regarded as entirely independent of 
each other. 

The Local Action of the heavy metal series is due to the formation 
of proteid combinations. When the salt of a heavy metal is added to 
a solution of egg albumin, or of similar proteid, a precipitate is at 
once formed of metallic albuminate. The proteids apparently play the 
r6le of acids, forming insoluble salts with the metals, but these salts 
are not generally of definite chemical composition, for the percentage 
of metal contained in the albuminate usually varies within wide 
limits ; in some cases, however, definite compounds have been formed. 

621 
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The albumin displaces the original acid of the salt, which may be 
entirely removed , by prolonged washing. The albuminates of the 
metals are insoluble in water, but most of them are soluble in excess 
of proteid or of the metallic solution, and many of them may be 
dissolved iii solutions of neutral salts such as chloride of sodium. In 
the albuminates formed by the addition of salts to proteid solutions, the 
metals are combined in the same way as in inorganic salts, and may be 
detected by their usual reactions. Thus iron albuminate is rapidly 
blackened by the presence of ammonium sulphide, because ferrous sul- 
phide is formed from it exactly as from any of the inorganic salts. On 
subjecting these albuminates to certain chemical manipulations, how- 
ever, the metal seems to become more firmly attached to the proteid, 
for ammonium sulphide acts on it much more slowly. The metal is 
then said to be masked, because its presence is not so readily detected 
as in ordinary combinations. Partially masked preparations have been 
formed artificially, but in the body the process is carried much further, 
for in many of iheir proteid compounds the metals cannot be detected 
by any of the ordinary tests, however long the reagents may remain 
in contact with them, and their presence is recognized only when the 
proteid is destroyed by heat or other similar agencies. 

When a solution of a metallic salt comes in contact with a living 
tissue, siujh as the mucous membrane of the mouth or stomach, the al- 
buminate is at once, formed, and the acid with which the metal was 
combined is set free. The more completely dissociated the ions of the 
salt are, the more rapid is the reaction with proteid and the more in- 
tense the local action. Thus the more readily ionized inorganic salts 
act more strongly than the organic ones which are slowly dissociated, 
and these in turn are more liable to cause marked local changes than 
the double salts, which are dissociated with difficulty.^ Other factors 
determining the nature of the local action are the character of the pre- 
cipitate and the activity of the acid formed, the latter again varying 
with the extent to which it is dissociated into ions ; it therefore exer- 
cises the same astringent dr corrosive effects as if it had been applied 
uncombined, but its action may be modified by the presence of a layer 
of metallic albuminate protecting the surface. Thus when a weak solu- 
tion of lead acetate is applied to a mucous membrane, the metal forms 
an albuminate with the proteids lying on the surface and in the more 
superficial parts of the cells. This albuminate forms a continuous sheet 
over the mucous membrane, and the very dilute acetic acid formed is 
incapable of inducing any reaction. If a stronger solution be applied, 
however, the metallic precipitate extends more deeply into the cell, 
while the acetic acid, being more concentrated, exercises some irritant 
action. As the concentration increases, the deeper parts of the epi- 
thelial cells are coagulated, and at the same time the acid becomes more 
destructive, so that eventually the superficial layer of the epithelium is 
killed and the deeper layers are attacked. The acetate of lead may 
thus act as an astringent, covering a mucous surface with a protective 
^Paul. Bedeutung der lonentheorie f. d. physiol. Chemie, 1901. 
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pellicle of insoluble albuminate, as an irritant, which induces an in- 
crease in the circulation of the part, a more rapid division of the cells 
and an effusion of liquid, or as a corrosive, involving the superficial 
layer of cells, and sometimes even the deeper ones in its destructive 
effects. 

When the nitrate of lead is applied, the astringent effect is much less 
evident, the irritant and corrosive more marked, because the salt is 
more readily dissociated and the reaction is therefore more rapid, and in 
addition the nitric acid is much more corrosive than acetic acid. The 
same metal attached to different acids may tlierefore induce very dif- 
ferent effects, in the one case acting chiefly as an astringent, in the 
other as an irritant and corrosive. . * 

The character of the precipitate formed also determines to some ex- 
tent.the local action of the metallic salts. Thus the salts of mercury 
are more irritant and corrosive than those of the other metals, partly 
perhaps, because the precipitate is less continuous and more loose and 
flaky, partly because it is soluble in excess of proteid, and therefore 
allows the unattached molecules to penetrate deeply, while the lead 
albuminate remains on the surface of the membrane. The metals also 
differ in their toxicity, and a trace of mercury is sufficient to kill a 
cell, whereas a larger amount of lead may be absorbed by it without 
injury. 

In addition salts which have a very strong affinity for water with- 
draw fluid from the cells and* thus act more strongly on them than 
others yrhich have not this character ; for example dried alum is much 
more destructive to the tissues with which it comes in contact than 
alum containing its ordinary water of crystallization. 

The different metallic salts therefore vary in their local action 
within wide limits — from the formation of mildly astringent mem- 
branes to the production of widespread necrosis and destruction of tissue. 

The insoluble salts come into less intimate contact with the tissues, 
and have much less effect ; but many of them are slowly formed into 
.albuminates and may then act as irritants or astringents. 

The most powerful corrosive salts of any metal are those which are 
nxokt rapidly dissociated into ions, that is, the chlorides and nitrates, 
provided they are soluble. The sulphates are much less irritant, be- 
cause they are less readily dissociated, and perhaps because the sul- 
phuric acid may fail to penetrate the cells owing to its being less 
; volatile and its anion having less permeating power than that of hy- 
drochloric or nitric acid. (See page 535.) The iodides and bromides 
are generally regarded as less irritant than the chlorides, but are less 
frequently used and less well known. 

The least corrosive of the salte of the metals are those formed with 
the slowly dissociated organic acids, such as the acetates, tartrates or 
citrates. When these are united with a metal which in itself is not a 
very active poison, such as lead, they , are almost purely astringent. 
On the other hand, the acetate of silver or of mercury tends to be 
irritant and corrosive, from the poisonous action of these metals on the 
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tissiies. In any case, the acetates are less irritant than the correspond- 
ing chlorides and nitrates, provided these are equally soluble. 

The local action also varies in the same salt of different metals. 
Lead is the most astringent of the metals ordinarily used in solution, 
while mercury salts have little or no astringent action, owing to theirs;; f 
specific poisonous action on the cells. Iron and alum approach mo$t ; 
nearly to lead, then copper, zinc and silver, and at a longer intervd 
mercury. 

It is impossible to arrange the metallic salts as either astringents or 
irritants, because in every instance the effect varies with the concen-* 
tration, and with many other features, such as the condition^ of the 
surface to which they are applied, and the quantity of proteid with 
which they come in contact before they actually reach the living mem- 
brane. 

;Of the salts in common use the most astringent are lead acetate and 
alum ; the most irritant are the perchloride and the nitrate of mercury, 
the chlorides of zinc, copper, tin and antimony, while the chlorides 
of iron, sulphates of copper, zinc, iron and manganese, the acetates 
of copper and zinc and the nitrates of silver and lead are astringents 
when applied in very dilute solution, but tend to irritate and corrode 
in larger quantities. In most cases the effects of the last group are 
made up of a mixture of astringent and irritant action. 

The insoluble preparations of mercury tend to irritate and corrode 
the surfaces to which they are applied, hut the insoluble salts of the other 
metals are generally astringent. It is difficult to determine how far the 
. so-called astringent and protective action of these insoluble substances 
is due to the formation of albuminates, and how far to their acting 
mechanically as protective coverings over irritated surfaces, but the 
latter factor is undoubtedly the more important in many instances. 

The precipitation induced by the astringents involves only the surface 
layer of cells, but the membrane formed protects the part from me- 
chanical and chemical irritation, and thus lessens congestion and inflam- 
mation. In addition several authors ^ have found that the astringent 
salts contract the vessels of the frog’s mesentery by direct action on 
their coats, and have inferred that the same constriction is induced in 
the mucous membranes, when they are applied to them. Schutz^ 
found that the secretion of the frog’s skin and tongue is lessened 
when these parts are washed with astringent metallic salts, and it is 
quite possible that when these are applied to inflamed membranes, they/ 
may constrict the vessels and lessen the secretions, as well as forna^ , 
protective membrane. When irritation is induced, the vessels of cout^^; 
dilate, and congestion and exudation follow. 

The local action is due to the formation of albuminate compoufi^Si^" 
and the liberation of acid. If the metal be applied in the form of an 
albuminate, this irritation is almost entirely absent except in so far as 

* Rossbaeh^s Pliarmakologische Untersuchungen, ii., p. 84. HeinZy NiT* 

chow’s Arch., cxvi., p. 220. 

*Arch. f. ^xp. Path. u. Pharm,, xxvLi., p, 202. 
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tbe poisonous action of the metal may cause necrosis and consequent 
irritation and in&mmation. The double salts of the metals are also 
less liable to irritate, because they do not precipitate albumin, and 
their dipociation only occurs slowly and is not confined to the point 
of application. Of course if these double salts are decomposed by 
acids, as in the stomach, they may act as irritants. 

The salts of the heavy. metals are often onl^ slowly Absorbed. 
Mercury is again an exception, but even mercury does not induce gen- 
eral symptoms until many hours after its administration. The other 
'^^inetals given by the mouth pass through the alimentary canal for the 
most part unabsorbed. In recent years it has been disputed whether 
iron, manganese, ewper and other metals are absorbed at all, but 
investigation with more accurate methods has shown that iron and 
manganese pass into the tissues from the alimentary tract, and it seems 
probable that a small proportion of most of the mefcils finds its way into 
the blood. At the same time there is no question that the great pro- 
portion of most of the metals passes through iinabsorbed, and is devoid 
of ^ny efiect except from its local action. It is probable that the 
small quantity taken up by the stomach and intestine is first formed 
into proteid compounds in every instance, but there is very little 
known as to the process. When there is any lesion oi the stomach and 
intestine, and particularly when the salt induces irritation and con- 
gestion itself, much more of the metal is taken up than by the normal 
epithelium. But even in the *niost favorable circumstances little of 
the metal is absorbed, and in acute poisoning the symj>toms arise from 
the local irritation and corrosion, and only to a smaller extent from 
the general action of the metal. 

If the absorption of the metals is slow, their Excretion progresses 
even more gradually, and repeated administration leads to their accum- 
ulation in the tissues and thus to intoxication. The metal seems to 
leave the blood very rapidly, and to become stored up in various 
organs, chiefly the liver, to a less extent the spleen, kidney, and bone 
marrow. While some of the metal is deposited in the liver and other 
organs, another part is excreted, for the most part along the alimentary 
tract. Thus it is found in the saliva and gastric secretion, to a much 
larger amount generally in that of the lower parts of the small intes- 
tine, in the caecum and in the large bowel. A comparatively small 
amount escapes with the urine, ^mc metals have been detected in 
f^ery small quantity in the milk, and there is reason to suppose that 
ifeaces are eliminated by the other cutaneous secretions. 

"" ?JChe General Action of the heavy metals in man is often elicited 
I^Jily by their prolonged ingestion, but it has been studied in animals 
intravenous or subcutaneous injection of the albuminates or of 
tiie double salts, which do not precipitate the proteids. The ordinary 
salts qannot be used, because the precipitated albumin of the blood 
causes embolism, and this obscures the symptoms. The symptoms of 
acute metallic poisoning elicited thus in animals generally resemble 
fairly closely those of chronic poisoning in man. Of course the ana- 
40 



tomical lesions induced in the latter by the constant presence of smalV 
quantities of metals in the nutritive fluids^ cani only be induced to a 
limited extent in such experiments. 

Even when the heavy metals are injected into tl^e blood in consid- 
erable quantity, the symptoms are often late in appearing, in the case 
of aluminium only after several days, so that the slowness of the ab- 
sorption from the intestine is not the only explanation of the delay in 
the onset of the intoxication. 

The general symptoms of metallic poisoning, as distinguished from 
those due to the Ipcal action at the point of application, arise chiefly 
from the central nervous system, and from the excretory passages — 
the alimentary canal and the kidney. Metallic poisoning always in- 
duces disturbance of the Stomacli and Intestine, manifested by loss of 
appetite, pain and discomfort in the abdomen, nausea, vomiting and 
purging. In some cases no lesion of the canal is observed post mortem, 
but in the great majority congestion and swelling of the mucous mem- 
branes of the stomach and intestine is seen, or the whole surface may 
be covered by a diphtheritic membrane composed of necrosed cells, 
and inflammatory exudate. Beneath this haemorrhages occur, and if 
the animal live long enough, ulcers are formed, so that the whole con- 
dition can scarcely be distinguished from that of dysentery. Some * 
metals act strongly on the mouth and salivary glands, salivation being 
one of the earliest features of mercury poisoning. The lining mem- 
brane of the mouth becomes congested and inflamed, and numerous 
shallow ulcers are formed in it. 

The heavy metals thus seem to have a specific action aSong the 
alimentary tract quite independent of the local action induced when 
they are swallowed. This is connected with their excretions along it‘; 
although it seems inadvisable in the present state of knowledge to say 
that they irritate the digestive tract because they are excreted in it. 
One or two metals, notably lead, cause constipation and colic when 
they are absorbed into the blood, but under certain circumstances they 
too induce purgation. 

Another organ which suffers from the circulation of metals in the 
blood is the Kidney. Comparatively little of the metal is excreted in 
the urine, but it is found that most of this class act as diuretics in small 
quantities. Somewhat larger doses irritate the renal epithelium, and 
albumin appears in the urine, along with casts and in severe cases 
blood cells and haemoglobin. If this irritation of the' secretory cells 
be long continued, it sets up a secondary inflammation of the intersti- 
tial tissue, and cirrhosis of the kidney results. 

The Circulation is differently affected by different metals, or at any 
rate, the effects on the heart and vessels are described differently by 
the writers on the subject. Very often the heart is affected only in 
the last stages of poisoning, and it is impossible to determine how far 
its failure is due to direct action, and hovr far to the general disorder 
of the nutrition, The blood-pressure invariably falls towards the 
fatal issue of the intoxication, and as a general rule, a slow fall is 



observed from the beginning. This fall in hlood-pressure has been 
‘ascribed to the heart action, tb depression of the vaso-raotpr; centre, 
and to paralysis of the splanchnic terminations in the mesenteric ves- 
sels. It may doubtless be induced by different factors in the different 
forms of intoxication, but there is no question that it is partly due to 
the dilatation of the vessels of the intestines and stomach from the 
inflammation of these organs. 

Several metals have been found to lessen the alkalinity of the Blood 
by increasing the amount of lactic acid in it, but this does not seem 
a common feature in metallic poisoning. The general malnutrition 
from the gastro-intestinal action renders it impossible to determine 
whether the metals alter the metabolism of the body through directly 
affecting the cells, but it is not improbable that this is the case, for 
the loss of weight is often too rapid to be explained by the starvation 
alone. / 

The Central Nervous System is always affected more or less by the 
presence of the metals in the blood. As a general rule, the symptoms 
are a mixture of those of stimulation of certain divisions with those of 
paralysis of others. Several metals induce disturbance of the psychical 
' centres, manifested in delirium, hallucinations and mania, or in stupor 
and coma. Convulsions of all forms indicate that the motor areas of 
the brain, the basal ganglia and the spinal cord are affected; thus 
epileptiform convulsions, chorea, clonic and tonic spasms occur from 
metallic poisoning. In several instances actual lesions of the brain 
cells have been shown to be caused by the ingestion of the metals. 
They (Jfteii cause general weakness, or paresis of certain groups of 
muscles, and in addition to their specific action on the nervous centres, 
they may induce a peripheral neuritis (lead). The muscles do not 
seem to be so readily affected in general poisoning, although a solution 
of a non-irritating metallic salt generally paralyzes muscles suspended 
in it. 

Therapeutic Uses. — In therapeutics only mercury and iron are largely 
eniployed for their effects after absorption, while the others have a 
more or less extensive use for their local effects as astringents, irritants, 
caustics or styptics. Iron is not prescribed for its general action on the 
organs, but to supply the place of food-irons in the formation of hss- 
moglobin. Mercury is used for its specific effect in syphilis, and some 
of its preparations have been advised as diuretics. Not infrequently 
the local action of the heavy metals is supposed to be induced after ab- 
sorption, and prescriptions are met with containing lead or iron which 
are intended to stay hsemorrhage from the lungs or from the kidneys. 
It ought to be recognized, however, that lead or iron is absorbed only 
in minute quantities, and that they have no predilection for the bleed- 
ing points. If they were capable of coagulating the blood after ab- 
sorption, and thus stopping haemorrhage, they would certainly do so in 
the portal circulation and would not be carried to the lungs or kidney 
before they acted. As a matter of fact, however, they never reach the 
blood except in forms in which they have no astringent or styptic action.' 
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Many of the metallic salts are powerful antiseptics, partly no doubt 
from their coagulating the proteids of the microbes, but also from a 
specific poisonous action on them, which is quite distinct from their 
precipitating action. As a general rule the antiseptic power varies 
with the amount of dissociation of the salt, that is, with the number of 
metallic ions present in the solutions, although the undissociated mole- 
cule also seeins to have some influence, and a salt which is dissociated 
with diflSculty may in some instances make up for this drawback by 
the more intense toxicity of the metal.^ The most widely used metallic 
antiseptics are the mercurial salts, in particular the perchloride, but 
other metals have recently begun to play a more important role in sur- , 
gery than heretofore. Almost incredibly small quantities of some of 
the metals have been found to be rapidly fatal to some of the algte, the 
bacteria, and the infusoria. Thus one part of the perchloride qf mer- 
cury in one million parts of water kills spirogyra, one of the simpler 
algse, and water distilled from copper vessels is rapidly destructive to 
it. Israel and Klingmann^ hung small pieces of copper foil in water 
for a few hoursf and then diluted this water a hundred times and found 
it still poisonous to many lower organisms. Silver was less active and 
lea4 still less so. The amount of copper in the original solution was 
too small to be recognized by any chemical test, much more so then in 
the further diluted portion. These results, which were first obtained 
by Naegeli, and which have been confirmed by other observers besides 
Israel and Klingmann, indicate that certain lower organisms are much 
more sensitive to the action of copper, and probably of other metals, 

, than the more highly organized plants and animals. Further* exami- 
nation of their effects as antiseptics in medicine and surgery is certainly 
desirable. Other curious effects on the growth of bacteria have been ob- 
served by Bolton and Brown,® who found that a piece of metal placed 
on a culture of microbes in gelatin causes curious alternating zones 
of intense growth and of sterility. These observations have recently 
been extended by Thiele and Wolff,^ who state that silver, mercury and 
copper plates prevent the growth of microbes owing to minute traces 
of these metals being dissolved in the medium. Several other heavy 
metals — iron, lead, zinc, tin, gold, platinum and aluminum — proved 
devoid of action. A practical application of this bactericidal action of 
the metals has been made by the introduction of solutions of colloid 
forms of silver and mercury as antiseptics. Some of these .colloid 
metals have proved destructive to simple organisms in extremely dilute 
solution, while in more concentrated forms they are inferior to tlie 
ordinary salts of the metals. 

'^Kronig Paid. Ztschr. f. Hygiene, xxv., p. 1. 

2 Virchow’s Arch., cxlvii., p. 293. 

3 Transactions of the Assoc, of Amer. Physicians, xii., p. 488. 

‘•Arch. f. Hygiene, xxxiv., p. 43. 
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I. ANTIMONY. 

The preparations of antimony played a much more important role in 
therapeutics in the earlier part of last century than at the present time, 
and promise to be used to a still more limited extent in the future. 
In many respects they resemble arsenic in their effects, and may be 
looked upon as forming a link between it and the salts of the other 
heavy metals. The salt most commonly used is tartar eniGtio^ ov the 
double tartrate of antimony and potassium [K(SbO)C 4 Hpj . The 
effects of this salt were at one time believed to be due in part to the 
potassium, but have been shown to be those of the antimony alone. 
Many other compounds of antimony have been used in therapeutics, 
and several others are still found in the pharmacopoeias, but they differ 
for most part from tartar emetic only in the jpapidity of their action. 

Tartar emetic, like other double salts, is not corrosive, because it 
does not precipitate proteids except in acid solutions, in which it is 
decomposed into simpler forms. The chloride of antimony, on the 
other hand, readily dissociates the antimony ion and is a powerful 
caustic when applied to the skin or the mucous membranes. 

When rubbed on the Skin, however, tartar emetic causes redness, 
and a papular eruption, which later passes into vesicles and pustules. 
If the application be further persisted in, these pustules may become 
confluent and form small abscesses, and later cause extensive necrosis 
and ulceration of the skin. Th6 points of origin of the papules are the 
openings of the cutaneous glands and the hair follicles. 

Symptoms. — Tartar emetic has a slight, acrid histe, and in very 
small quantities causes no symptoms, except some perspiration. In 
somewhat larger doses its ingestion is followed by nausea and vomiting, 
with very marked depression and the usual accompaniments of emesis, 
such as salivation, profuse perspiration and acceleration of the pulse 
(see Apomorphine, page 236). In antirnonial poisoning tlie vomiting 
is violent and continuous, the ordinary contents of the stomach being 
first evacuated, and then a slimy raucous fluid, which may later con- 
tain blood. In some cases it is said that no gastric symptoms are 
observed, but these must be exceedingly rare. The vomiting is ac- 
companied by profuse watery diarrhoea, resembling that of arsenical 
poisoning, and by great muscular weakness and cjollapse. The pulse 
may be somewhat accelerated at first, but is weak, and later becomes 
slow and irregular. The skin is cold and covered with a clammy per- 
spiration, and cyanosis of the face and extremities is generally marked. 
The respiration is slow and may be irregular, the voice weak and 
husky, the temperature is depressed, and the patient falls into a coma- 
tose condition, which deepens, until after a few weak convulsive move- 
ments the respiration ceases. The urine is sometimes increased in the 
beginning of the poisoning, but later may become scanty or entirely 
suppressed. It often contains albumin. 

The minimum fatal dose of tartar emetic is doubtful, as the greater 
part of the poison is generally removed by vomiting. Recovery has 
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beeii observed after very large quantities, while in other cases 0.1 Gi 
(2 grs.) has proved fatal. 

Chronic antimonlal poisoning is very rare and difficult to diagnose. The 
-symptoms are depression, headache, giddiness and concision, drowsiness and 
indistinct sight. The appetite is bad, and the patient complains of heavi- 
ness, discomfort, or pain in the region of the stomach, general weakness and 
exhaustion. Proftise diarrhoea may be present, rapid loss of flesh, albumi- 
nuria and finally collapse. Pustular eruptions have been observed from the 
prolonged internal use of tartar emetic. 

Action. — Many of the symptoms of antimonial poisoning, the pro- 
fuse perspiration, salivation and, to some extent at least, the collapse, 
are manifestly secondary to the Emetic Action, and the cause of the 
vomiting has, accordingly, been repeatedly investigated. It may be 
stated at once that some authors attribute the vomiting to a central 
action, but that the majority are inclined to regard it as mainly due to 
irritation of the .stomach. I^arge doses of antimony affect the stomach 
and bowel in the same way as arsenic, inducing hypersemia and swell- 
ing and loosening of the epithelium, but smaller quantities such as are 
used in therapeutics do not seem to cause any obvious lesion. It is 
found that tartar emetic injected hypodermically or intravenously 
causes nausea and vomiting, but much larger quantities are required 
than are requisite when the drug is given by the mouth. This indi- 
cates a direct action on the stomach, rather than on the centre for 
vomiting, and this view is supported •'by the fact that antimony is 
found in the stomach and intestine when it is injected intravenously. 
The obvious explanation would therefore seem to be that antimony 
given by the mouth acts as a gastric irritant, and causes vomiting, 
while when it is injected intravenously it is carried to the stomach, 
and again causes irritation with the same result. The whole of the 
antimony swallowed acts at once on the stomach, while only a part 
of that injected exerts its action on it, and larger doses are therefore 
necessary when the poison is administered in the latter way. 

This explanation is opposed, however,, to an observation made by Orfila, 
who found that when the stomach was excised and replaced by a dead blad- 
der, tartar emetic still caused the movements of vomiting, which, even 
expressed the fluid in the bladder. Of course no antimony could be excreted 
into the bladder, and no irritation or reflexes could arise from it. Again 
Mosso states that when the vagus nerves are cut below the diaphi'agm, tar- 
tar emetic fails to cause vomiting when it is swallowed, but large doses have 
their usual effect when injected into a vein. These observations appear at 
first sight to indicate that tartar emetic acts centrally, but it has been sug- 
gested that although the poison could not act on the stomach in Orfila’ s 
experiment it might cause vomiting by causing irritation of some other part 
of the alimentary tract. As regards Mosso’ s results, the relation of the 
vagus nerve to vomiting is still so obscure that it is dangerous to draw any . 
inference from such experiments. On the whole the evidence goes to show 
l^at the emesis is due to irritation of the gastric mucous membrane by the 
^antimony. 

The action of 'tartar emetic on the Stomach has been explained by 
supposing jthat, the acid gastric juice decomposes the double salt and 
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that the chloride thus formed acts as a corrosive in the same way as 
the chlorides of the other heavy metals. This, however, fails to ex-' 
plain the fact that the same effects are met with in the intestine, in 
which no such acid fluid exists, and that vomiting is induced readily 
when the gastric juice is neutral in reaction (Mosso). A more prob- 
able explanation is that antimony has a specific irritant effect on the 
mucous membranes of the stomach and bowel, similar to that of ar- 
senic. The irritation is greater, however, and is induced more rapidly, 
so that vomiting is caused much more easily. At the same time, an- 
timony is more slowly absorbed than arsenic, so that its action re- 
mains^ confined to the stomach, and as the vomiting removes much the 
greater part of the poison, the intestine remains unharmed except 
when large quantities have been swallowed and the emesis is from any 
cause insufficient. In chronic poisoning ulceration of the small intes- 
tine is said to occur, especially around the solitary follicles and Pey- 
er^s patches. 

The acceleration of the Pulse seen after tartar emetic is due for the most 
part to the emetic action and not to the absorption of the drug. When in- 
jected into a vein in animals, antimony causes a slow and weak pulse, 
although this is preceded in some cases by slight acceleration. ' The action 
is a direct one on the cardiac muscle, as may be seen by perfUsing an excised 
frog’s heart with blood containing some tartar emetic. The cardiac nerves 
do not seem to be affected. 

The Blood-pressiire falls throughout the experiment, partly owing to the 
weakness of the heart but chiefly owing to an action on the vascular mecha- 
nism similar to that described under arsenic. Hero again it is doubtful 
whether the effect is due to the vaso-motor centre or to the peripheral nerves 
and muscle of the vessels, but the latter are certainly involved, for stimula- 
tion of the spinal cord fails to contract the mesenteric vessels. 

The Respiration is often slightly accelerated at flrat, and may be shallow 
and irregular from the nausea ; but in cases of poisoning it becomes slow and 
labored, and eventually ceases along with the heart. The respiratory centre 
is perhaps affected directly to some extent, but the changes in the breathing 
are probably due for the most part to the disturbance of the circulation, and 
to the action on the alimentary canal. The statement made by some of the 
older writers that antimony caused hepatization of the lungs, has been shown 
to be incorrect. 

The Central Nervous System is depressed by antimony in the frog, 
spontaneous movements persisting after the reflexes have disappeared, 
according to some authors. This has been interpreted to mean that antimony 
paralyzes the sensory part of the cord or its connection with the motor cell, 
while leaving the connections between the latter and the brain intact ; but 
the statement itself requires further confirmation. The paralysis is due to 
tfie direct action of antimony on the nerve cells and not to the disordered 
circulation, for frogs poisoned with antimony are paralyzed sooner than 
others in which the circulation is entirely destroyed by the excision of the 
heart. The effect of antimony on the central nervous system of the mammals 
is more obscure, for it is impossible to ascertain how far the changes are due , 
to direct action and how far they are attributable to the disturbance of the 
circulation and the alimentary canal. There is reason to believe, however, 
that the poison depresses to some extent the nerve cells here also. Accord- 
ing to Schaffer, the cells of the spinal cord undergo a degeneration marked 
by the disappearance of the chromatin in chronic antimpnial poisoning. 
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The Depression and Collapse of antimony poisoning are caused by the 
gastric effects and the slowed- circulation acting on the centml nervous sys- 
tem, and not, as is sometimes stated, to the peripheral nerves and muscles 
being affected. The voluntary muscular tissue is undoubtedly weakened to 
some extent in the frog, but only after large doses and at a late stage. The 
muscles then contract somewhat more weakly than normally, and are more 
readily fatigued. 

Many of the Secretions are increased by tartar emetic, such as the per- 
spiration, the saliva and the mucous secretion of the respiratory tract. This 
is not due to any direct action on the glands, for the same effect is induced 
by anything which causes vomiting. (See Apomorphine, page 235.) TJie 
urine is sometimes increased by antimony, at other times it is diminished or 
suppressed. This is perhaps due to a preliminary stimulation of the renal 
epithelium, which passes into acute irritation when much of the drug is ab- 
sorbed. The action on the urinary secretion is not very marked, however. 

The irritant action of tartar emetic on the Skin when it is applied 
to it in ointment, has been explained by the double salt being broken 
up by tlie acid formed in the decomposing secretions, and an analogy 
has been drawn between it and the irritant effects in the stomach. In 
support of this it is said that the addition of alkalies , to the tartar 
emetic ointment prevents the formation of pustules. This does not 
seem a very happy explanation, although it accounts for the formation 
of pustules at the openings of the skin glands. The double salts of 
other metals, however, which would form irritants in the same way as 
tartar emetic have no special effect on the mouths of the gland ducts. 
Nunn finds a specific effect on the skin Of the frog when tartar emetic 
is injected, similar to that induced by arsenic, but more rapid ^in its 
onset, and this may explain the pustulant action. A pustular erup- 
tion is said to be induced in some cases when antimony is taken 
internally. Pustules also occur in the oesophagus when tartar emetic 
is swallowed, and irritation of the mouth and swelling of the lips 
have been observed. 

The effects of antimony on the Nutrition have not been so carefully 
examined as those of arsenic, but, as far as is known, present a strong re- 
semblance to them. Thus fatty degeneration of many organs is induced by 
its prolonged use, the nitrogen of the urine is found to be increased, and the 
glycogen disappears from the liver. Very small quantities of antimony 
.given repeatedly are said to increase the glycogen and fat of the liver, with- 
out apparently alteiing the nitrogen of the urine. 

The fall in Temperature after antimony is often very considcrahle, amount- 
ing ill animals to 6° C. in the course of a few hours. It is explained by the 
slowness of the circulation and by the general depression and collapse and 
profuse perspiration. “ 

Antimony is Absorbed from the skin very slowly, and from the stomach 
and intestine. It passes into the tissues much more gradually than arsenic, 
however, and its action on the stomach, can, therefore, be elicited without 
danger of its causing general symptoms. After absorption antimony is 
found in considerable quantity in the liver, which stores it up for some 
time. It is excreted into the stomach and intestine, in the urine, and, it is* 
said, in the bile and milk. 

The Chloride of Antimony (SbClg) differs from tartar emetic chiefly in being 
a violent cxirrosive, which combines to form albuminates and thus acts like 
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the other salts of the heavy metals, and also tends to withdraw fluid from 
the superficial tissues, when it is applied in a concentrated solution. The 
other compounds of antimony act like the double tartrate, except that most of 
them are much slower in their effects. Stibine or antimoniuretted hydrogen 
(SbHj^ differs entirely from arsine (AsH^) in its action, which is, however, 
equally poisonous. It has very rarely been examined, except in an impure form, 
and the symptoms are imperfectly known. 

Preparations. 

Antimonii et Potassii Tartras (IT. S. P.), Antimonium Tartaratum 
(B. P.), tartar emetic, tartarated antimony ((KSbOCJI^OJ^ + H^O) forms 
colorless, transparent crystals, or a white granulated powder, without odor, 
and haying a sweet, afterwards disagreeable, metallic taste, soluble in 17 
parts of cold water, insoluble in alcohol. Dose as a diaphoretic 0.002-0.008 
Cl- (uV-s- gr.)> as an emetic 0.03-0.1 G. (i-2 gr.). 

ViNUM Antimonii (U. S. P.), Vinum Antimonialk (B. P.), 4 parts of 
tartar emetic in one thousand (U. S. P.), in 875 parts (B. P.). 0.6-2 c.c. 

I (10-30 mins.), diaphoretic ; 4-15 c.c. (1-4 drs.), emetic. 

Tartar emetic is also contained in the cornj)ound syrup of squills U. S. P. 

Antimonii Oxidum (B. P.), (Sb^Og), a heavy, gray, insoluble and tasteless 
powder. 0.0t5-0.1 G. (1-2 grs.). 

Pulvis Antimonmlis (B. P.), James^ powder, consists of antimony oxide 1 part 
to 2 parts of phosphate of calcium. 0.15-0.3 G. (3-6 grs.). 

Antimonium Nigrum Purijimtwm (B. P. ) (Sb^S.,), a heavy gn?yish-black powder, 
odorless, tasteless, and insoluble in water. 0.015-0.06 G. ([-1 gr,). 

Antimonium Sulphuratum (B. P.), Kermes mineral, consists of antimony sul- 
phide (Sb^Sg) with a small amount of oxide (SbjjOa ) — an amorphous, reddish-brown 
powder, odoidess, tasteless, and insol <iible in water. 0.06-0.3 G. (1-5 grs.). 

Pilula Hydrargyri Suhchhridi Composifa (B. P,), Plummer’s Pills, compound 
calomel pill, 8 grains contain nearly 2 grains each of calomel and of sul- 
phurated antimony. 4-8 grs. 

Therapeutic Uses. — Antimony is used to a much less extent in med- 
icine than was formerly the c^se. In the seventeenth century it was 
prescribed so widely and was believed to do so much harm, that the 
graduates in medicine of Heidelberg were required to take an oath 
never to use it. At present it is used to a limited extent as an emetic, 
but is slow in action and induces greater depression and more pro- 
longed nausea than the other drugs \diich are prescribed for this pur- 
pose, such as apomorphine, ipecacuanha, or sulphate of copper. It is 
therefore seldom used to evacuate the stomach in cases of poisoning or 
of foreign bodies in the stomach or oesophagus. Its expectorant action 
is taken advantage of in acute bronchitis in which the secretion of the 
bronchial mucous membrane is insufficient, but it is of less value when 
the secretion is abundant. In commencing bronchitis tartar emetic is 
sometimes given until vomiting occurs, and then continued in smaller 
doses and at longer intervals. 

It is also used as a diaphoretic to some extent, in the same doses as are 
prescribed as expectorants, but it has been almost entirely supplanted by 
pilocarpine for this purpose. James’ powder was especially popular as a 
diaphoretic, but is now seldom employed. 

In acute fever antimony was formerly largely used as a depressant, more 
especially when delirium was a marked feature. The object was to produce 



a xaild collapsej^ but the treatment has been entirdy abandoned by most 
authorities, and probably did more haim than good. Acute lobar pneu- 
monia ^vas almost universally treated by tartar emetic at one time, and an 
attempt has recently been made to revive this treatment, but without suc- 
ceSs. 

Antimony has been advised instead of arsenic in the internal treatment of 
skin disease, but it is impossible to state at present how far it is capable of 
replacing the more widely used drug. 

In all cases in which there is marked depression or weakness) in which 
the stomach or bowel is disordered, or in which the circulation is feeble, the 
preparations of antimony are contraindicated, 

Tartar emetic was formerly used in ointment (one pai*t to four) as a skin 
irritant, but its continued application has led in several cases to didhse sub- 
cutaneous abscess, and sometimes to necrosis of bone, so that the tartar 
emetic ointment has passed into desuetude. 

In cases of Antimonial Poisoning, emetics are seldom required, but 
the stomach may be washed out by means of the stomach tube, if 
vomiting is not present, and a purge may be given to remove the poison 
in the bowel. Tannic acid is used to precipitate the antimony in the 
stomach, and the tannate formed must be washed out. A form of tan- 
nic, acid which is usually available in emergencies is strong tea, which 
is also useful as a stimulant for the collapse. Lime or magnesia may^ 
be used to precipitate the antimony instead of tannic acid. 
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n. MERCURY. 

Mercury, one of the most powerful inorganic poisons, has been used 
in medicine for a long time and in a large variety of forms. Some 
differences are observed in the action of these, but all of them induce 
the same general results, the differences existing only in their local 
effects, and being due to the salts differing in solubility and dissocia- 
bility. A soluble salt, such as the perchloride, comes into more inti- 
mate contact with the tissues, and therefore acts more powerfully 
locally, and is also absorbed more> rapidly and in larger amount than 
calomel, which is entirely insoluble in water. Both the local and the 
general effects of the perchloride are more marked than those of calo- 
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jttiel> therefore, but when sufBcient mercury in the form of ' calomel |s 
absorbed into the tissues, the general effects are the same as if an equ^ 
quantity had been taken up as peitehloride. 

Mercury is absorbed and circulates in the blood in the form of the 
albuminate, which is insoluble in water, but is rendered soluble by ex- 
cess of proteid, and also by chloride of sodium in such quantities as 
. are met with in the tissues. The solubility of the albuminate ex- 
plains how mercury is absorbed so much more quickly than any of the 
other heavy metals, and at the same time it may account in part for its 
greater corrosive action. The corrosion is due to some extent to the 
acid constituent of the preparation, but this is not greater than that of 
an equally soluble and equally dissociable combination of the acid with 
another metal. The mercurial ion itself is also corrosive, and its de-. 
structive action is the more powerful because the precipitate formed with 
proteids is less insoluble in the surrounding fluids of tlie body and is 
therefore more flocculent and affords less protection to the surface, 
than those formed by the other heavy metals. The mercurial action is 
consequently not limited to the surface of a tissue but extends into the 
deeper cells. The highly corrosive action of the mercury ion has been 
ascribed to its great affinity for the amido-compounds which are con- 
tained in the albumin molecule. Liebermann has also shown that it 
has a special affinity for lecithalbumin, and it is possible that this may 
play an important rdle both in the absorption and in the slow excretion 
of the metal. ' ■ * 

Thq albuminate is formed rapidly when such soluble salts as the 
perchloride come in contact with the tissues, and the local corrosion is 
greater and the absorption more rapid than when an insoluble salt is 
ingested. A good deal of dispute has arisen as to the absorption of the 
insoluble salts of mercury, and it is frequently stated that calomel is 
first changed to the perchloride by the action of the hydrochloric acid 
of the stomach and by the chlorides of the tissues, and that only then 
is the albuminate formed. There is, however, no sufficient evidence 
that the perchloride is formed from the chloride, and such a change is 
not necessary to explain its absorption, for the proteids of the tissues 
can act on calomel as such, and, forming the soluble albuminate, allow 
it to be absorbed. It has been asserted of late that when calomel is 
injected hypodermically, the leucocytes take it up and carry it off as 
they do any other foreign insoluble body, and it is quite possible that 
they may take it up in the same way from the alimentary canal. At 
’the same time the quantity of calomel which comes into intimate con- 
tact with the tissues is much smaller than in the case of the soluble 
perchloride, and a smaller proportion of calomel is absorbed therefore. 
Ini the same way other insoluble preparations of mercury are absorbed 
in the form of albuminates, and even the metal may be oxidized and 
absorbed when it is applied to the living surfaces or injected into the 
blood in a state of fine division. Thus the inhalation of mercury vapor 
by the lungs leads to general poisoning, often of a very malignant type^ 
and mercury rubbed into very fine globules, and applied in ointment 
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to the skin> passes into the gland ducts and along the roots of the hairs^ 
and, after being oxidized, is dissolved and absorbed into the tissues, in 
which it causes the typical mercurial efiFects. 

Symptoms. — Acute Mercurial Poisoning occurs only from the use of 
soluble preparations, and in particular from the perchloride of mercury 
or corrosive sublimate. Many cases have arisen from this poison being 
swallowed accidentally or with suicidal intent, but of late years an 
almost equal number has arisen from the perchloride being used as an 
antiseptic wash for large cavities. When corrosive sublimate is swal- 
lowed in poisonous quantity, the patient complains at once of the hai^h, 
metallic taste, which is followed by burning pain in the mouth, throat 
and stomach. Nausea and vomiting set in very soon, and the vomited 
matter may contain shreds of mucous membrane and blood. Diar- 
rhoea and violent tenesmus, with watery or bloody stools, often con- 
taining shreds of membrane, may be among the early symptoms, or 
may only occur after twenty-four hours. These symptoms from the 
alimentary canal are accomi)anied by collapse, with a small, thready, 
sometimes irregular pulse, shallow, irregular, rapid respiration, cold, 
clammy skin, pinched features, and sunken eyes. The temperature is 
often subnormal, but sometimes fever is observed, although this is - 
attributed by many to concurrent disease. The consciousness is usually 
unaffected, but in some cases somnolence, giddiness, or more rarely 
anxiety and restlessness have been observed. The urine is much 
diminished and complete anuria often oecurs in a few hours. If the 
urine is not completely suppressed, it generally contains albumin, renal 
epithelium, casts, and more rarely sugar. Death may occur within an 
hour from shock, but more frequently the patient survives several days 
or even one or two weeks, the symptoms of intestinal corrosion and of 
renal irritation continuing, until he finally sinks from exhaustion. 

When acute poisoning occurs frdm the absorption of corrosive subli- 
mate from wounds, tlie symptoms of corrosion of the mouth and stomach 
are absent at first, but the dysenteric symptoms and the renal inflam- 
mation are produced in the same way as when the poison is swallowed. 
Here again the patient may die within a few hours, but more fre- 
quently survives for several days, and in the latter case the symptoms 
towards the end partake of the character of chronic poisoning. In 
particular, salivation and stomatitis set in in the course of a few days. 
These also occur when the poison is swallowed, although they are more 
liable to be overlooked, from the cauterization produced in the mouth 
by the local action. V 

Chronic Poisoning. — A much more frequently observed form of 
poisoning is that induced by the prolonged medicinal use of mercury. 
It may arise from any of the preparations, and from any form of ap- 
plication, although some methods of administration are credited with 
being less liable to induce it than others. Thus inunction with mer- 
curial ointment and the use of calomel internally are both more liable 
to cause the severer forms of stomatitis than is corrosive sublimate. 
A single hypodermic injection of an insoluble preparation may induce 
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it in susceptible persons, because the mercury is only slowly absorbed, 
and passes into the tissues as gradually as if it were given by the mouth 
regularly for several days. This chronic poisoning or Mercurialism is 
due, not to the local action, but to the effects of the drug after absorp- 
tion. It is much more liable to occur in certain people than in others, 
but may follow the abuse of mercury in any case, and the cause of the 
abnormal susceptibility to mercury is unknown. When mercurialism 
begins to be manifested, the drug ought to be stopped, or the dose 
much reduced, until the symptoms disappear. Formerly it was be- 
lieved that the earlier symptoms of mercurial poisoning had to be in- 
duced in the cure of syphilis, but in modern therapeutics every effort 
is made to avoid them. The first symptoms generally arise from the 
mouth and throaty the patient complaining of a metallic taste, and of a 
feeling of numbness or soreness of the tongue and gums. The breath 
has an unpleasant foetid odor, the tongue is swollen and thickly coated, 
the gums are soft, swollen and often of a dark bluish-red or gray 
color and the flow of saliva is augmented. If the medication be 
continued as was often done formerly, ulcers appear on the gums 
and on the sides of the tongue where it comes in contact witli the 
teeth, especially if these are carious, and on the mucous membrane of 
the cheeks ; the salivation increases and irritates the lips and the skin 
where it is exposed to the secretion. If the administration of mercury 
be still persisted in, the teeth become loose and fall out, gangrene of the 
gums, lips and throat, and nec^rosis of part or even of the whole jaw 
may follow, and may prove fatal by exhaustion and inanition due to 
the difficulty in swallowing and to the complete absence of dcsii’e for 
food. The milder forms of stomatitis and salivation are observed in a 
large proportion of cases of syphilis treated with mercury, according 
to some authors in 30 per cent, or more. It may be avoided, to some 
extent, at least, by scrupulous cleanliness of the mouth and teeth, by 
the filling of carious teeth,, and by using a 2-4 per cent, solution of 
chlorate of potash as a mouth wash. 

The stoTnach and iritestine also suffer in chronic mercury poisoning. 
The patient often complains of loss of appetite, and occasionally of a 
feeling of weight and discomfort in the stomach, nausea and vomiting, 
general weakness and loss of flesh. Colic and diarrhoea arc frecpiently 
observed, or diarrhoea and constipation may alternate. These symp- 
toms are naturally more liable to occur from the administration of 
mercury by the mouth than by other channels, as here the action after 
£|,bsorption is reinforced by the direct local effects. Some fever is 
sometimes noted, but this is secondary to the affection of the mouth, 
bowel or skin, and is not directly attributable to the mercury. 

Occasionally skin eruptions are seen when mercury is given by the 
mouth, but much more frequently when it is applied to the skin. In 
the latter case they are not limited to the point of application, although 
they often begin from it and spread over a large surface of the body. 
They are said to occur often without any other symptom of poisoning, 
except the fever and discomfort which they induce themselves. They 



vary greatly in form^ consisting of small reddish spots, large red ery- 
thematous surfaces, urticaria, pr eczema, each of these occurring alpiae 
or in succession, and. being usually followed by desquam^ion. The 
eruption generally lasts only 1^3 weeks, but in some cases has not en- 
tirely disappeared until three months after its first appearance, and in 
bthers has returned repeatedly aflberwards. It is said to have been 
induced occasionally by a single dose of calomel. 

The urine is often somewhat increased, but may be decreased after- 
wards, and it not infrequently contains albumin, although the proportion 
of cases in which this occurs is much disputed, and the amount in the urine 
is generally very small. Glycosuria is much rarer in man, but has been 
frequently observed in rabbits after prolonged treatment with mercury. 

It is still a matter of doubt how far the sexual organs are involved 
in mercury poisoning. According to some authorities disturbances of 
the menstruation and even complete amenorrhoea have been observed, 
and abortion is also stated to have been caused by it. 

A general condition of coGhexia may be induced by the presence of 
these disorders, and is marked by pallor, anaemia, emaciation, weak- 
ness and restlessness, with a tendency to fainting and disturbed sleep. 
The pulse is small, weak and quick, sometimes irregular, and the pa- 
tient often complains of breathlessness. 

Affections of the central nervous system are rarely induced now by 
the abuse of mercury in therapeutics, but are mentioned by some of 
the earlier writers, and still occur in the case of workers in mercury 
mines, in mirror, barometer and thermometer factories, and in other 
manufactories in which mercury is used and its fumes are inhaled by 
the workmen for prolonged periods. One of these affections is the 
mercurial erethism, a condition of abnormal irritability, timidity or 
shyness, accompanied by great muscular weakness, and sometimes 
developing into sleeplessness, delirium and transitory hallucinations. 
Another well-known form is the mercurial tremor, which affects the 
hands and arms first, later the legs, and sometimes extends over all the 
muscles of the body. Shooting pains along the nerves or in the joints 
are sometimes complained of, circumscribed areas of partial ansssthe- 
sia, amblyopia, anosmia or deafness have been described, and in some 
cases localized paralysis of the muscles of the arm or leg has been 
induced. These last differ from the paralysis of lead or arsenic poi- 
soning in the fact that no wasting of the muscles is observed, and the 
electrical reaction remains normal. According to Letulle they are due 
to the destruction of the myeline sheath of the peripheral nerves, the 
axis cylinder remaining intact. 

The symptoms of mercurial poisoning, both acute and chronic, ip 
animals, resemble those in man so closely that it is unnecessary to de- 
scribe them further. 

Action -r- Lower Forms of Life. — The action of mercury on proteids 
extends to all forms of living matter. Whenever the metal comes into 
intimate contact with albumins, it forms the albuminate and destroys 
life. This poisonous action is naturally much more evident when solu- 
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ble preparations are used than when the oxides or calomel are in ques** 
tion. Thus corrosive sublimate in a solution of one part in 50,000 
destroys infusoria in some 20 minutes, and even one part in one mil- 
^ lion kills algsB in the course of a few days. The bacteria are some- 
what more resistant than these forms, but corrosive sublimate is said 
to delay the development- of some of these in a solution of one part in 
one million, and the anthrax bacillus fails to grow in blood which con- 
tains one part in 8,000. A solution of one part in one thousand is 
generally regarded as capable of disinfbcting fluids completely in the 
course of a few hours, but there is no question that the germicidal 
power of corrosive sublimate has been much overestimate. Thus 
Qeppert found that the spores of anthrax could be exposed to the ac- 
tion of a one per cent, solution for many hours and still develop as 
soon as the mercury was entirely removed. There is no doubt, how- 
ever/ that corrosive sublimate and the other soluble salts of mercury 
are among the most powerful antiseptics at present available. The 
insoluble preparations are less poisonous, owing to the difficulty in 
bringing them into intimate contact with the microbes, but calomel 
has been shown to have some effect as an intestinal antiseptic. 

In the Higher Animals and in Man the same destructive effects are 
induced by the mercury preparations. The corrosion of the mouth, 
throat and stomach when the perchloride is swallowed, has already 
been mentioned.^ When it is applied to the other mucous membranes, 
similar effects are obtained, and when it is injected hypodermically, 
even in dilute solution, it induces intense pain, swelling and inflam- 
mation; which is rarely followed by suppuration, but which may 
result in the formation of cicatrices. Stronger solutions injected into 
animals often cause the formation of cheesy abscesses, and even dry 
necrosis of the skin and underlying tissue. The hypodermic or in- 
tramuscular injection of insoluble preparations is more liable to cause 
abscess formation, because the mercury is slowly absorbed and has 
therefore more time to induce its irritant effects. 

When solutions of corrosive sublimate are applied to the skin, they 
cause a feeling of numbness very often ; but when very strong solu- 
tions come in contact with tender parts of the skin, and in particular, 
when the salt itself is allowed to lie in contact with it for any length 
of time, deep corrosion, necrosis and sloughing may follow. Even the 
insoluble preparations are liable to set up irritation when they are 
rubbed into the skin, especially if there is any pre-existing tendency 
to cutaneous eruption. 

After absorption, mercury acts more especially on the alimentary 
tract and on the kidneys, although other organs are not exempt from 
its effects. 

The Salivation and Stomatitis, which are so frequently seen under 
mercurial medication, are obviously not due to the local action of the 
drug on its way to the stomach, for they occur equally readily when it 
is applied by hypodermic injection or by inunction. The salivation is 
apparently due to the direct action of the mercury on the secretory 



apparatus, for it often appears before any other symptom and is oer- 
tainiy not the reflex effect of the irritation of the mouth. , The saliva 
is sometimes excreted in enormous amounts, many litres of it being 
poured out in the course of twenty-four hours. It contains mercury, 
and has therefore a metallic taste, and tends to irritate the lips and 
skin where it comes in contact with them. In extreme cases it leads 
to sleeplessness from its accumulating in the back of the throat and 
awakening the patient with a feeling of suffocation. The • stomati- 
tis is likewise due to the excretion of mercury by the saliva and by 
the other mucous secretions of the mouth and throat. The irritation 
caused by the metal leads to excoriations, and these to the formation 
of ulcers, particularly where microbes are present in large numbers, as 
around carious teeth. The necrosis of the jaws arises from these ulcers, 
penetrating to the bone and setting up periostitis, for mercury in itself 
has no specific action on the bone such as has been mentioned under 
phosphorus. 

Mercury has less direct effect on the Stomach, though congestion and 
even small hfemorrhages in cases of poisoning indicate that it is not 
entirely immune; the loss of appetite and malnutrition in chronic 
poisoning arc ascribed to the presence of mercury in the saliva rather 
than to its affecting the gastric functions directly. In the Intestine, on 
the other hand, mercury is apparently excreted in large amount, and 
induces very distinct lesions. The parts affected are the cseciim and 
colon, while the small intestine very^ often escapes almost entirely. 
The action of mercury is evidenced by hyperaemia, redness and swell- 
I ing of the mucous membrane, which later develop into necrotic sur- 
faces and ulcers along the folds ; these lend it an appearance almost 
indistinguishable from that of chronic dysentery and may eventually 
pnd in perforation. The symptoms from the intestine are in accord- 
ance with the lesions, consisting in constant purging with very fluid, 
sometimes rice-water stools, intense pain and tenesmus, blood and frag- 
mefits of mucous membrane in the feces. 

Small doses of mercurials given by the mouth act as Purges, causing 
soft stools generally without pain or straining. The insoluble prepa- 
rations are used for this purpose, as they act least on the stomach, and 
the mercurial purges par excellence are calomel and the metallic prep- 
arations — blue pill and gray powder. This effect is apparently due to 
their acting as intestinal irritants from their specific action on the in- 
testine. They apparently do not remain long enough in the stomach 
to be dissolved, and besides seem to have less tendency to induce irrir 
tation here. In the intestine, on the other hand, their longer sojourn 
and special affinity for the epithelium, leads to their partial solution 
and to their irritant action being developed. A small proportion of 
these insoluble preparations is absorbed from the intestine, but the 
great mass is thrown out unchanged in the stools, and thus very large 
doses of calomel sometimes induce no serious symptoms. Mercury acts 
in the intestine even when the bile is suppressed, and the stools are 
often of a greenish color, which has been ascribed to a metallic com- 
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pound formed lii the bowel, but which is really due to bile pigment. 
This is ordinarily decomposed by the microbes in the intestine with 
the formation of the faecal pigment, but mercury from* its antiseptic 
properties prevents the growth of the microbes, and the bile therefore 
appears in the stools undecomposed and possessed of its ordinary 
color. 

The mercurial purges, and in particular calomel, have often been 
credited with increasing the secretion of the Bile, but this has been 
shown to be incorrect, for Stadelmann (in animals) and Pfaff (in man) 
found that the mercurial preparations had no eflect on the secretion 
escaping from a biliary fistula. The belief probably arose from the 
green color of the stools, but this^ as already mentioned, is due, not to 
the increase of the bile, but to its being preserved from putrefaction 
in the intestine. There is, in fact, no sufficient experimenhil or clini- 
cal evidence that the liver is in any way affected directly by mercury. 
The biliousness which is so often relieved by calomel or blue pill, 
is due, not to the liver, but to disorder of the alimentary tract.^ 

Mercury has no such powerful effect on the Unorganized ferments of 
digestion as itrhas upon the microbes, for though large amounts of the 
soluble preparations precipitate the pepsin in artificial digestion experi- 
ments, smaller quantities have little such effect. Calomel has no action 
on the digestive ferments, but retards the puti’efaction. in the intestine, 
and thus limits the decomposition of the food. Its antiseptic action 
is aided by the increased peristalsis which follows its use, and which 
removes the decomposing mass from the canal. In fact, the lessened 
amounf of double sulphates in the urine whicli follows the use of 
calomel, may be ascribed as much to its purgative, as to its antiseptic 
power. 

Another organ which is powerfully affected by mercury is tlie Kid- 
ney. A moderate dose of calomel induces marked diuresis, particu- 
larly iir^cases in which there is a large accumulation of fluid in the 
body, as in dropsy from heart disease. In other forms of dropsy, 
such as that arising from hepatic cirrhosis, or from renal disease, it is 
less reliable, although it not infrequently increases tlie flow of urine in 
these cases also. When purging follows the administration of the 
mercurial, less diuretic effect is observed. 

In normal individuals and in animals the diuretic action is gener- 
ally much weaker, although some recent work has shown that it can 
be elicited easily in rabbits (Cohnstein). In view of the fact that 
mercurial preparations have an irritant action on the kidney, it would 
seem that the increased secretion of urine induced by calomel and by 
other mercurials is most probably to be ascribed to a direct action on 
the epithelium. 

In acute mercurial poisoning, when death does not follow in the 
course of a few hours, anuria is often observed both in man and animals. 
This anuria is due to the renal changes, which are found to consist in 
necrosis of the epithelium of the tubules in some parts of the cortex. 
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The whole organ is congested and the glomeruli are in a stjite of acute 
inflammation^ but the necrosed tubules are the most prominent feature. 
Very generally in the rabbit, less often in the dog and in man, these 
are filled with a deposit of phosphate of calcium, occasionally in« 
termixed with some chalk. Accordingx to some pathologists, it is 
deposited first in the tubules and only when these are filled does it 
force its way into the cells, but a more probable view is that it is thrown 
out in the necrosed cells, and as these break up, passes into the tubules. 
It may be remarked in passing that several other poisons, such as bis- 
muth and aloin, occasionally induce this deposit of lime in the 
kidneys. 

These renal symptoms have been observed most frequently in cor- 
rosive sublimate poisoning, either by the mouth, or from absorption 
from a wound. The more slowly absorbed, insoluble preparations ap- 
parently do not often accumulate in sufficient quantity in the blood to 
induce such severe efiects. At the same time, albumin or casts are 
very often observed in the urine from the treatment of syphilitic pa- 
tients with mercury in any form, although it is stated that this is less 
liable to occur when soluble preparations are injected hypodermically 
than after inunction or the use of insoluble salts subcutaneously. The 
more marked the action on the intestine, the less destruction of the 
kidney is observed in cases of severe poisoning. 

The lime deposited in the kidney has stiggested the idea that mercury has 
a specific action on Bone, consisting in the absorption of the calcium, and an 
attempt has been made to demonstrate this action by estimating the lime 
salts in bone after mercury, and comparing the amount with that of normal 
animals of the same size. No action on bone has been established, however, and 
the explanation of the renal deposit as due to decalcification of the bones has 
been shown to be incorrect by Klemperer, who found that, instead of being 
oversaturated with lime which it deposits in the kidney, the blood actually con- 
tains a somewhat smaller amount of lime than normally. The lime deposited in 
the kidney is evidentally drawn from that normally circulating in the blood ; in 
necrosed tissue from other causes lime is very often deposited, although not so 
rapidly as in mercury poisoning. Large doses, given repeatedly lead to an 
increase in the size and number of the vessels of the bone-marrow and the fat 
cells atrophy rapidly ; later, gelatinous degeneration follows and the cellular ele- 
ments of the marrow disappear. 

Mercury seems to have comparatively little direct action on the Circulation 
in cases of poisoning, and most of the changes in the pulse are to be ascribed 
rather to the shock and collapse, or in chronic poisoning to the cachexia and 
malnutrition, than to any direct effects on the heart and vessels ; in some cases 
of acute poisoning, however, patches of fatty degeneration have been found in 
the heart. In the frog large doses of soluble salts slow and weaken the heart, 
and mercury salts injected into the blood vessels of mammals have been found to 
cause a sudden descent of the blood-pressure and paralysis of the heart. Sub- 
cutaneously injected into animals, the soluble salts reduce the blood-pressure 
more gradually, but at the end a very sudden descent to zero occurs. The action 
is in part on the heart muscle, in part on the peripheral vessels. 

The Besniration is also only affected indirectly. In chronic mei-cury poi- 
soning, ma^ed l^reathlessness is sometimes observed and has been ascribed by 
Kussmaul to the general muscular weakness. 
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The action of mercury on the Nervous System- is very obscure. In 
acute, poisoning the intellect often remains clear to the end, and no 
symptoms pointing to any direct affection of the central nervous 
system are observed. I]^ chronic poisoning, however, the higher cen- 
tres are undoubtedly involved in the effects, as is shown by the 
erethism and occasional hallucinations. The tremor is also of cerebral 
origin probably, though this is not yet certain, and the general muscular 
weakness is not due to the peripheral muscles and nerves being affected, 
but to the alterations in the centres. As regards the paralysis sometimes 
observed in the arms or legs in workers in mercury, Letulle believes it to 
be caused by the poison acting on the peripheral nerves and destroying 
the myeline sheath. The areas of partial ansesthesia and the pains in 
joints may also prove to be due to peripheral changes. In some oases, 
especially where the tremor is markedj the reflex excitability of the 
spinal cord has been found to be exaggerated, but it is generally unaf- 
fected* The muscles do not seem to be acted on directly in either 
acute or chronic poisoning in man, and even when paralysis is de- 
veloped, they maintain their irritability and do not atrophy. In the 
frog mercury weakens the muscles, but only after doses which are suf- 
ficient to paralyze both the central nervous system and the heart. 

A good deal of interest has been manifested in the question whether 
mercury affects the Nutrition in any way except through its action on 
the alimentary canal. Several authors have stated that the urea is in- 
creased by the use of small dpses, but the subject is a very difficult 
one to investigate, for when any save the smallest doses are given, the 
kidney*and bowel are involved in the effects, and the prolonged use of 
mercury is restricted to experiments on animals and on syphilitics. 
There seems, however, good reason to ^believe that very small doses of 
mercury given for some time increase the nutrition and weight of ani- 
mals. The cachexia of chronic poisoning may be due in part to a 
specific action on the metabolism, but it is impossible to determine 
this point, because the alterations in the alimentary tract are in them- 
selves sufficient to cause sucli symptoms. Meyer found that mercury 
lessened to some extent the alkalinity of the blood, probably by the 
formation of lactic acid in excess. 

Changes in the Blood Corpuscles have been observed under mercurial 
treatment in a number of instances, but there is as yet no general 
agreement ag to wherein these consist, and it seems not unlikely that 
the blood reaction in health is different from that in syphilis and that 
ijt may vary in the successive stages of the disease. In health the red 
corpuscles and the hscmoglobin are said to be augmented at first but 
afterwards diminished, while in syphilis a sharp fall in the amount of 
lisemoglobin is succeeded by an increase to beyond that present before 
the treatment. Kuperwasser states that in healthy persons mercury 
increases the number of newly formed leucocytes but that this is more 
than counterbalanced by the fall in the older cells; in syphilis he 
found fewer recently formed leucocytes and more matui’e ones after 
mercury. 
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Mercury has no effect on the Temperature in itself, but when sto- 
matitis or skin eruptions are developed, some fever generally accom- 
panies them, while in collapse the temperature may fall several degrees 
below the normal. 

Distribution. — After its prolonged use mercury is found in almost 
every organ of the body, but larger quantities are found in the kidney 
and liver than elsewhere, and it seems to be stored in these organs 
longer than in any other. In cases of acute poisoning through ab- 
sorption from the subcutaneous tissue or from wounded surfaces, the 
distribution is the same. The statement that mercury is stored up in 
large quantities in the bones has not been confirmed by the more re- 
cent investigators, but traces are found here, as in the muscles, brain, 
lungs, intestine and spleen. 

Mercury is Eliminated by almost all the excretory organs, but most 
largely by the intestine and kidney. It has been found in small quan- 
tities in the perspiration, milk, saliva, gastric juice and bile, and has 
been shown to pass to the foetus in utero through the placental circu- 
lation. The excretion begins within one or two days after absorption, 
but is very slow and irregular. Mercury has certainly been found in 
the urine six months after its administration had been stopped, and. 
some authors state that it may be detected in it for years afterwards. 
It is open to question, however, whether these last cases of very pro- 
longed excretion are not to be explained by the patients having been 
exposed to the fumes of mercury in the interim. At tfte same time it 
is not impossible that pockets of mercury may be encapsuled in the 
tissues when the insoluble preparations are injected, exactly a^’ a lead 
bullet may be, and that after a long time some irritation such as a blow 
may again liberate it and permit of its excretion. The elimination 
is said to last longer when the mercury is rubbed into the skin than 
when it is given by the mouth, or when soluble preparations are in- 
jected hypodermically. This is explained by the drug passing more 
slowly through the skin, which continues to contain some of it long 
after the inunction treatment has ceased. Mercury often disappears 
from the urine for several days or even weeks at a time, and then re- 
turns again. It is said that more mercury is found in the urine after 
its hypodermic injection than after inunction, but even in the most 
favorable circumstances only a small proportion of that absorbed is 
excreted by the kidneys. In the urine the mercury probably exists 
for the most part in the form of a salt, although some of it may be 
in organic combination. 

Mercury forms very poisonous compounds with methyl and ethyl, which 
are apparently very slowly decomposed in the organism to ordinary forms, 
and which have given rise to fatal poisoning in two cases, the symptoms 
making their appearance only long after the ingestion. ^ 

Therapeutic Uses. — Xhe chief purpose for which mercury is used in- 
ternally is the treatment of Ssrphilis, Its curative effects in this dis- 
' Jiepp, Arch. f. exp. Path. n. Phami., xxiii., p. 91. 
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ease can be explained at present only by supposing that it develops a 
specific destructive action on the syphilitic virus. Its virtues are 
attested by the great majority of the medical profession, but a com- 
paratively small minority still oppose its use, and some have even 
gone so far as to assert that instead of curing syphilis it promotes the 
development of tertiary symptoms. Less extreme opponents of the 
mercurial treatment hold that, while the secondary symptoms cer- 
tainly disappear under it, they are only rendered latent, and reappear 
in course of time, whereas without mercury they would have run 
their course in the^first instance and disappeared. There is no ques- 
tion that a certain proportion of cases of syphilis recover without the 
use of mercury, and indeed without the use of any drug. In many 
of these, however, the course of the disease can be shortened by mer- 
cury, and in many others, in which the symptoms show no signs of 
abating under hygienic measures, mercury causes a rapid and perma- 
nent improvement. A certain number of relapses undoubtedly occur 
after the mercurial treatment has been left oflF, but it seems probable 
that many of these would not have had even temporary relief without 
mercury. As to the old argument that tertiary syphilis is caused by 
the use of mercury in the earlier stages, it has been shown that tertiary 
syphilis occurs without mercury, and that the lesions caused in it are 
entirely different from those induced by this metal. The opponents of 
mercurial treatment frequently assume that it is necessarily followed 
by cachexia and by all the lasting disorders which its abuse leads to. 
At the present time, however, mercury is administered in small quan- 
tities, and syphilologists arc agreed that it ought not to be allowed to 
induce any but the earliest symptoms of chronic poisoning. To sum- 
marize the view held by the great majority of authorities, it may be 
said that mercury is of benefit in a very large proportion of cases, 
although it is not essential to the treatment of some favorable ones, 
and that it is unable to arrest the progress of the disease in a certain 
proportion of malignant forms. 

A question that is still debated, and which, like the other matters of 
doubt concerning the mercurial treatment of syphilis, has given rise to 
an overwhelming literature, is whether mercury ought to be exhibited 
as soon as the diagnosis of primary syphilis is made, or whether the 
advent of the secondary stage is to be awaited. Practice differs in this 
respect, but probably the majority of physicians do not prescribe mer- 
cury until some secondary symptom makes its appearance, and then 
•continue its administration until the disease disappears, or until sali- 
vation or stomatitis warns against its further use. Some authorities 
recommend that mercury be continued for mouths after the secondary 
symptoms have been relieved, in order to prevent relapse, but this is 
less rigidly carried out now than in the* earlier decades of last century.. 
In tertiary syphilis mercury is generally considered inferior to the 
iodides, but when the disease attacks any important organ, such as the 
brain or eye, mercury is more reliable, or both mercury and iodi,de may 
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be prescribed together. ^ Iii hereditary syphilis mercury is much more 
eflBcient than iodides. 

Mercury has been used in syphilis in a large number of forms, and 
of late years new preparations and new methods of administration 
have succeeded each other so rapidly that it is impossible to discuss 
them all. Formerly mercury was given hy the mouth or by inunction, 
and apart from the special clinics and the syphilologists, the internal 
treatment is still the most popular one. The preparations generally 
used for internal administration are corrosive sublimate, calomel, or 
the metallic preparations — blue pill and gray powder — the last being 
used most widely in England. Calomel and the metallic preparations 
are, however, veiy liable to induce diarrhoea, from their being insoluble 
and thus passing into the intestine before being absorbed, and opium 
is therefore often prescribed along with them. Calomel is also credited 
with causing salivation and stomatitis more readily than the other 
preparations, perhaps because it is more diflBciilt to gauge how much 
of it is absorbed than in the case of the soluble perchloride. Mercury 
administered by the mouth is in all cases more liable to derange the 
digestion than when administered by other channels. Accordingly,. 
inunction was introduced to avoid the disturbance of the stomach and 
intestine caused by the local action of the mercury, while that due to 
its excretion along the alimentary tract remained unchanged. By this 
method the mercury is rubbed into the skin in the form of ointment ; 
that most frequently used consists of nfetallic mercury suspended in a 
state of fine division in lard, but others have been suggested, guch as 
the oleate of mercury, the ointment of the yellow oxide, and mercury 
soaps. The first is less irritant, however, and has entirely supplanted 
the others, which never enjoyed a very wide popularity. The action 
of mercury is somewhat more slowly elicited by this method than when 
it is administered internally, but lasts longer, and the digestion is less 
liable to be disturbed. The mercury is absorbed in the form of a 
proteid combination from the gland ducts, and probably a small quan^ 
tity is inhaled by the lungs as vapor. The objection to the method is 
that it is inconvenient and uncleanly, and that it is even less possible 
to estimate the amount of mercury actually absorbed than when it is 
given by the mouth. One case of fatal poisoning has been recorded 
from the ointment being applied to sore hands. Instead of mercury 
ointment being rubbed into the skin, one of the plasters or lint con- 
taining mercurial ointment (Weylander) may be applied to it, permit- 
ting of the continuous absorption of small quantities by the skin and 
by inhalation of the vapor. 

In 1867, Lewin introduced the hypodermic or intramuscular injection 
of a dilute solution of corrosive sublimate, and this has been very 
widely practised of late years, and with great success. The advantages 
of the method are the avoidance of digestive disturbance, which is 
shared by the inunction method, its cleanliness, the more accurate esti- 
ination of the amount of mercury actually administered, and the greater 
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rapidity of action. Its chief disadvantage is the pain caused by the 
injection, which has to be repeated daily ; some inflammation and 
swelling follow immediately, but no suppuration, when ordinary care 
is taken ; but the pain is very intense and persistent and many patients 
refuse to continue the treatment. Salivation is said to follow this 
method more seldom than any other, and relief from the secondary 
syphilitic symptoms is gained sooner. Lewin continues to use the per- 
ehloride solution and prefers it to any of the modifications; others 
have added morphine, or, niore recently, cocaine, in order to lessen the 
pain, but this is to be deprecated from the danger of the habit being 
formed. The addition of chloride of sodium tends to prevent the pre- 
cipitation of proteids by the perchloride, and a solution of perchloride 
of mercury, with ten times its weight of common salt or of urea has 
therefore been advocated, while others have used the peptonate or the 
albuminate of mercury dissolved in salt solution. Mercury has a strong 
affinity for the amido-group, and in combination with it has little ten- 
dency to precipitate proteids, and this has led to the use of preparations 
of mercury with the amido-acids, such as glycocoll, formamide or suc- 
cinimide. Many of these methods are said to lessen the pain of hypo- 
dermic injection, but do not remove it entirely, probably because the 
various compounds undergo some dissociation in the tissues, and the 
free mercury ion causes the same irritation as if the perchloride had 
been injected. 

Instead of the soluble preparations of mercury, which necessitate 
the painful injections being repeated daily, insoluble salts have beeii 
injected, with the idea that these being slowly dissolved and absorbed 
from the seat of injection, a quantity sufficient for several days may 
thus be given at one time. Instead of injecting these insoluble prep- 
arations hypodermically, they are often thrown into the muscular tissue. 
According to the advocates of this method, it causes less immediate pain 
than perchloride injections, but, as solution takes place, and the mer- 
cury attacks the tissues, the part becomes extremely painful, swollen, 
and inflamed. Suppuration and even gangrene have been developed 
in a very considerable number of cases, and in others severe or fatal 
mercury poisoning has been observed. The advantages of the method 
are that the physician has not to visit the patient every day, and that 
the injection need only be made once, or at most twice a week. On 
the other hand, the local lesions are often very severe, and the amount 
of mercury absorbed cannot be controlled in any way. It has the ad- 
^ vantage over the administration per os that the digestion is not so 
liable to be interfered with, but, as has been said, the danger and 
pain are very much greater. Many authorities therefore deprecate 
the use of these insoluble preparations by injection, but a considerable 
jiumber of syphilologists still persist in their use, and new preparations 
have been introduced for this purpose in large numbers. Those most 
commonly used are calomel in salt solution or in liquid paraffin, me* 
tallic mercury in very fine division suspended in . liquid paraffin, the 
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salicylate, benzoate, and the thymol-ae^tate. The oxides have also 
been proposed arid many other preparations have received a trial by 
this method. 

Other methods of introducing mercury into the tissues are more rarely 
employed. The intravenous infection of the perchloride has been suggested 
for the treatment of cases in which there is urgent haste, but has rarely been 
carried out, and is likely to prove dangerous from the formation of emboli, 
and also from the effects of mercury on the heart when thus applied. 

Suppositories of mercury have been used to some extent, and are said to 
disturb the digestion less than the administration per os. 

Mercury fumigations have also been practised to a limited extent, the 
vapor of mercury being freed by heating calomel or the sulphide. The pa- 
tient sits in a wooden tent up to his neck and the mercury deposited on the 
skin is absorbed. The method is very cumbrous, and the quantity of mer- 
cury taken up cannot be controlled. 

Mercury was recommended by Hamilton in the beginning of last 
century iii the treatment of Acute Febrile Affections, and the greatest 
abuse unquestionably prevailed in the earlier decades. Later its 
sphere of usefulness was restricted to the treatment of inflammation of 
the serous membranes — pleurisy, meningitis, pericarditis, peritonitis — 
and many physicians still maintain that it checks the effusion and pro- 
motes the healing of these diseases. Others deny that mercury pos- 
sesses any virtues in these cases, and its use is undoubtedly becoming 
more limited ; in acute iritis it is still ,iiised almost universally. In 
these cases it is always administered by the mouth in the form of 
calomel, blue pill or gray powder. * 

As a Purgative mercury is very frequently prescribed in bilious- 
ness,^’ and in putrefactive diarrhoea. It acts partly from its antiseptic 
power, but mainly by removing the putrefying contents from the in- 
testine; calomel, blue pill, or gray powder is usually employed with 
or without the addition of a vegetable purge. 

Calomel has ’proved of only doubtful value as an intestinal antisep- 
tic in typhoid fever, dysentery and other similar conditions. 

Calomel and other mercurials have long been known to be of value 
in cases of Dropsy, but Jendrassik deserves the credit of having re- 
vived their employment as diuretics, for this use of mercury had fallen 
into oblivion. The best preparation is calomel, given in 0.2 G. (3 
grs.) doses three times a day or in 0.1 G. (2 grs.) doses 5-10 times a 
day. It is of great value in certain cases of cardiac dropsy, blit is 
less reliable in the accumulations of fluid met with in hepatic or renal « 
disease, although here too its administration is sometimes followed by 
the rapid excretion of the fluid. It does not seem to be contraindi- 
cated in chronic nephritis, although its action has to be carefully con- 
trolled. It has no effect in removing the exudations of acute inflam- 
mation such as pleurisy. 

Mercury is used Externally as an Antiseptic wash in surgical opera- 
tions, chiefly in the form of the perchloride^ but also as the cyanide 
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and oxycyanide. It is irritant to wounds, however, and is liable to be 
absorbed when applied to large surfaces, and several cases of fatal 
poisoning have been recorded from the use of even the most dilute 
solutions of corrosive sublimate to wash out the uterus and vagina. 
These preparations, more especially the perchloride, have also the dis- 
advantage of attacking steel instruibents. 

Numerous ointments have been applied externally in tlie treatment 
of Skin Diseases, particularly those of a parasitic nature, such as itch, 
and in condylomata, ulcers and skin diseases of syphilitic origin. 
These preparations combine an antiseptic with a more or less irritant 
action, and unlike carbolic acid and its allies, are equally powerful 
antiseptics in ointments and in water. 'The least irritant of the phar- 
macopoeial ointments is the mercury ointment ; then the oleate, yel- 
low oxide, red oxide, and ammoniated mercury follow in order, while 
citrine ointment is much more irritant and corrosive. Other external 
applications are the plasters and the black and yellow wash. Oint- 
ments containing calomel, corrosive sublimate, and other preparations 
are sometimes prescribed, or calomel may be used as a dusting powder 
in syphilitic ulcers. The mercury ointments are frequently applied to 
the eye, the milder ones as antiseptics and slight irritants, citrine oint- 
ment to destroy granulations. 

Mercurial ointments are sometimes employed to promote the absorp- 
tion of subcutaneous effusions and to reduce swellings. They arc not 
superior to other irritants for this purpose, however, and have the dis- 
advantage of permitting the absorption of a dangerous poison. 

The*nitrate of mercury and its ointment (citrine) are sometimes used 
as caustics for application to the os uteri, condylomata and elsewhere. 

Mercury treatment is Contraindicated, or requires special caution in 
cases of profound cachexia, weakness, or anasraia, unless tliese arise 
from syphilis. Where the digestion is weak, it ought to be avoided if 
possible, and in cases of tuberculosis there is always the danger that 
the disturbance of the digestion may accelerate the course of the dis- 
ease. In severe nephritis it is also to be used with caution, although 
it is beneficial in some cases, and although some authorities deny that 
it is injurious even when it has no diuretic action. In pregnancy mer- 
cury is not absolutely contraindicated, at any rate up to the sixth 
month. Later it is liable to injure the patient by its action on the di- 
gestion, and in some cases has induced abortion ; the child may also 
suffer from mercurial poisoning. Mercurial ointments or dusting 
powders have to be used with care when iodides are being administered 
internally, as the iodide excreted forms the iodide of mercury, and 
this may cause violent corrosion. Thus in the eye, severe effects have 
been induced by the application of calomel to the cornea while iodide 
was being given. 

In cases of Acute Corrosive Poisoning, the indications are the evac- 
uation of the stomach, preferably by the stomach tube. Tannic acid, 
or eggs, milk wd other albuminous substances may be given to pre- 



!tm 

cipitate the metal and protect the mucous membrane. The tr^tm^ut 
of the later symptoms is the same as that of the chronic form. 

In Chronic Poisoning the salivation and stomatitis are treated by the 
use of chlorate of potash solution as a mouth wash, and its free applica- 
tion during mercurial treatment, ^along with careful brushing of the 
teeth, is believed by most physicians to hinder the onset of the 
symptoms. Tannic acid solution is also recommended as a mouth wash. 

’ The diarrhoea may be treated with opium, the other symptoms on 
general principles. In any case the drug ought to be abandoned, or 
the dose much reduced as soon as the salivation becomes marked. In 
chronic poisoning not arising from the therapeutic use of the drug, 
iodide of potassium is generally prescribed, although its utility has not 
yet been placed beyond question. Sulphur baths, and hot baths 
without sulphur are also recommended. 

: I . 

Pkepakations. 

Hydrargyei Chloridum Corrosivum (U. S. P.), Hydrargyri Per- 
CHLORIDITM (B. P.), CORROSIVE SUBLIMATE (HgCl^), forms heavy, colorless , 
crystals, without odor, hut possessing an acrid, metallic taste, soluble in 16 
parts of cold water, in 2 parts of boiling water, in 8 parts of alcohol, and 
in 4 pai*ts of ether. 

Liquor Hydrargyri Perchloridi (B. P.) contains A gr. in a fluid 
dr., fl. dr. 

Corrosive sublimate is one of the most irritant preparations, and is rapidly 
absorbed. It is used internally in syphilin, 0.002-0.02 G. (^5^ 
per cent, solution and is also injected hypodermically in 0.6 per cent, solu- 
tion, 2 c.c. (80 mins.) daily. This solution is often made up with 6 per cent, 
of sodium chloride or urea. Pcrchloride of mercury is less liable to induce 
salivation, but disturbs the digestion more than other preparations when 
given internally, while its hypodermic injection is exceedingly painiul. It 
has induced fatal poisoning in the dose of 0.18 G. (8 grs.), taken by the 
mouth, but in other cases much larger quantities have been recovered from. 
It, is stated that opium eaters can take enormous quantities without evil 
effects. 

It is used extensively in surgery as an antiseptic solution (1 in 2,000-4,000), 
to disinfect the hands, wounds, etc., but is irritant to delicate tissues, such 
as the peritoneum, and corrodes steel instruments. It is also used in the, 
form of a soap and to impregnate bandages, cotton-wool, gauze, catgut 
and silk. It preserves its antiseptic action in oils and ointments. It has 
been used to a limited extent in skin diseases in solution, in baths, or in 
ointment, as a local application in diphtheria, and as an intestinal antiseptic 
in' putrefactive diarrhoea, typhoid fever and cholera. 

The aihuminute and peptonate of mercury are formed by precipitating a 
solution of egg albumin or of meat peptone with a five per cent, solution of 
corrosive sublimate. The precipitate is collected, washed and dissolved in 
20 per cent, chloride of sodium solution. It was hoped that these prepara- 
tions would not cause irritation and pain when injected subcutaneously, but : 
this anticipation has not been fulfilled and they have fallen into almost 
complete disuse. They are not official. 

Hydrargyri Cyanidum, mercuric cyanide {Hg(CN)jj), colorless crystals, without 
odor but with a bitter, metallic teiste, soluble in about 12 parts of water, jn 16 
parts of alcohol. The cyanide resembles the perchloride in its action and has 
been used hypodermically in syphilis. As a surgical antiseptic it is equal to 

The B..P. gives as the dose of corrosive sublimete and the red iodide, 
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corrosive sublimate and attacics steel instruments less. Dose, as of corrosive " 
sublimate. 

The oxycyanide of mercury (Hg 20 (CN) 3 ) is also used to form an antiseptic 
lotion in surgery. The double cyanide of mercury and zinc has been recom- 
mended by Lister for this purpose. 

Hydbabgyei Iodidum Rubrum (XJ. S. P., B. P.), red iodide of mercury, 
biniodide of mercury (Hgip, a scarlet-red, amorphous powder, tasteless and 
odorless, almost insoluble in water, but soluble in solution of iodide of po^* 
tassium. 0.005-0.02 G. gr.), (B. P.3^2“T^ir gr-)* 

This preparation is very seldom prescribed as such, but is frequently 
formed by prescribing a mixture of corrosive sublimate and potassic iodide, 
wheh the iodide of mercury is formed and is kept in solution by the excess of 
the iodide of potassium. This prescription is often indicated in the transi- 
tional period between secondary and tertiary syphilis, and even when the 
tertiary symptoms are fully developed. 

Liquor Arseni et Hydrargyri lodidi (U. S. P., B. P.), Donovan^ s solution, 
contains one per cent, each of arsenic iodide and red mercuric iodide. Used 
as a tonic in syphilitic and other cases. 0.3-1. 3 c.c. (5-20 mins.). 

Unguentum Hydrargyri lodidi Rubri (B. I^.), 4 per cent. 

Hydbabgybi Chlobidum Mite (U. S. P.), Hydbabgvbi Subchlobidum 
(B. P.), mild mercurous chloride, calomel (HgjCh), a heavy white powder 
without odor or taste, insoluble in water, alcohol and ether. 0.03^. 3 G. 
(J-6 grs.) in powder, less suitably in pill form. 

PUulse Antimonii Composita (U. S. P.), Pilula Hydrargyri Subchloridi Com^ 
posita (B. P.). See Antimony, page 633. 

Unguentum Hydrargyri Subchloridi (B. P.), 10 per cent. 

Calomel is contained in the compound cathartic pill U. S. P. (p. 105), 

Calomel is used in syphilis (dose, 0.05 G. (1 gr.) thrice daily), but is credited 
with being more liable to induce Salivation than other preparations,, and its 
purgative action often has to be counteracted by opium. A suspension of 1 
part calomel in 20 parts of 10 per cent, salt solution or of liquid paraffin is often 
injected into the buttock in syphilis ; the dose of calomel by this method is 
0.05-0. 1 G. (1-1 J grs.) once a week. As a purge and intestinal disinfectant it is 
of value in biliousness, and in the diarrhoea of putrefaction, less so in diseases in 
which the intestinal wall is the site of infection, Jis in typhoid fever and cholera. 
Calomel causes less irritation and colic than most other purges, and small doses 
are followed by only one evacuation. , It may therefore be given where pfe- 
existing irritation of the intestine contmindicates the use of most other pur- 
gatives. Calomel is often advised in hepatic affections, but it is a question 
whether it has any effect here except as a purge. It is of great value in some 
forms of dropsy, especially those of cardiac origin, in which it is administered 
in 0.2 G. (3 gr.) doses thrice a day for 2-4 days, and is stopped as soon as 
the diuresis sets in. The treatment may be repeated if the dropsy returns. 
Alkalies are often added to calomel prescriptions on the ground that in this 
way there is less danger of the calomel being changed to corrosive sublinaate 
in the stomach. For the same reason, acids are often avoided for some time 
after calomel is taken. As a matter of fact these fears are quite groundless, 
as calomel is not changed to the perchloride in the stomach and it is there- 
fore quite unnecessary to add alkalies to calomel. 

Calomel has been used externally as a dusting powder for syphilitic 
condylomata, as a slight irritant to the cornea and as an ointment in ijruritus 
and other skin diseases. 

Hydrargyri Iodidum Flavum (U. S. P.), yellow or green iodide of mercury 
(Hg.I ), a bright yellow amorphous powder, tasteless and odorless, insoluble 
in water, alcohol or ether. 

It has been used in syphilis, with the idea of uniting the virtues of the 
iodides and of mercury. But the quantity of iodide is altogether inadequate, 
0.05-0.2 G, (1-3 gis.), 
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Hydeargyrum CUM Creta (U. S. P., B. P.), mercury with chalk, gray 
POWDER, is formed by rubbing up metallic mercury with chalk and honey 
(U. S, P.) until the mercury is divided into very fine globules, each encased 
in chalk. It forms a light-gray, somewhat damp powder, without odor and 
with a sweetish taste from the honey. The mercury (38 per cent. XT. S. P. , 
83 per cent. B. P.), remains in the metallic state, very little oxide being 
formed. It is insoluble in water, alcohol and ether, and is always prescribed 
in powder form. 0.1-0.5 G. (2-8 grs.). 

Massa Hydrargyri (U. S. P.), mass of mercury, blue mass, blue pill, 
is formed from metallic mercury by rubbing it with Mel Eosm, glycerin, al- 
thaea and liquorice until the globules are invisible under a lens magnifying 
ten diameters. The blue mass contains about 83 per cent, of mercury alpaost 
entirely in the metallic form. It is of the consistency of pills and is always 
prescribed in this form. 0.2-0. 5 G. (3-8 grs.). 

PiLULA Hydrargyri, blue pill, the corresponding B. P. preparation, 
is made up with confection of roses and liquorice by rubbing them with 
metallic mercury until the globules are no longer visible. 4-8 grs. 

These preparations are very largely used as mild mercurial purgatives, 
the blue pill being frequently reinforced by the addition of one of the vege- 
table purges. The gray powder is especially adapted for children, and is of 
value in summer diarrhoea and other similar conditions. Blue pill is often 
given in cardiac dropsy along with squills or digitalis, but has proved inferior 
to calomel as a diuretic. Gray powder is held by some authorities to be the 
best form for the internal treatment of syphilis, and is given in doses of 0.05 
G. (1 gr.) 3 to 5 times a day ; if necessary, opium may be given to prevent 
purging. The blue pill may also be used in syphilis and is less liable to purge. 

XJnguentum Hydrargyri (U. S. P., B. P.), mercurial ointment, blue 
OINTMENT, is formed by triturating metallic mercury with lard and suet and 
oleate of mercury until the globules are iifvisible when magnified ten diam- 
eters. The ointment contains about one half its weight of metallic mercury 
along with a small proportion of oleate. 

Unguentum Hydrargyri Compositum (B. P.) contains camphor and is some- 
what weaker than blue ointment. 

Unguentum Hydrargyri T)'dut;um (U. S. P. ) contains 2 parts of mercurial 
ointment with 1 part of petrolate. 

The famous blue ointment is used largely in many forms of skin diseases, 
especially in those of syphilitic origin, and was formerly the ordinary treat- 
ment for scabies, in which, however, it has been supplanted by balsam of Peru 
and other remedies, though it is still used occasionally to destroy pediculi. 
The most important purpose for which blue ointment is applied at the pres- 
ent time is the treatment of syphilis by inunction. For this purpose 2-4 G. 
(^-1 dr.) is rubbed in daily in different parts of the body, in order to avoid 
the irritation induced by applying it repeatedly to one spot. A warm bath 
is taken first, and the patient then rubs in the ointment on the inside of 
the thighs, next day on the inside of the arms, on the following days on 
the forearms, legs, abdomen and back, returning to the thighs on the seventh 
day and repeating the scries. The treatment is continued for a fortnight or 
three weeks. This method has the advantage that the digestion is less af- 
fected than when the drug is given internally, but on the other hand, the mer^ 
cury is more slowly absorbed than by other methods ; and no estimate of the 
quantity really taken up can be formed, as, although the patient is directed 
to rub it in until the whole disappears, the instructions may be imperfectly 
carried out. Salivation is not so readily produced as by the administration 
per os, but when it occurs, it lasts longer and may become severe. One case 
of fatal poisoning has been recorded from the application of the ointment, but 
in this case the skin appears to have been broken. Skin rashes are more fre- 
quent from inunction than from any other mt^ethod of application, and finally, 
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the method is extremely inconveiiieiit and dirty. The patient ought to carry 
out the inunction himself, for any other person doing so may acquire chronic 
poisoning from absorption through the hands, and even if this is prevented 
by the use of gloves of India-rubber or oiled bladder, some mercury may be 
absorbed by the lungs. In children the ointment is often applied by spread- 
ing it on a bandage, which is then applied around the waist. In skin disease 
and in very hirsute individuals, the inunction treatment is impossible. 

Oleum Cinereum, or gray oil (not official), is a suspension of metallic mercury 
in liquid paraffin or in lanolin and oil, and is used in syphilis by intramuscular 
injection. It often is made up to contain 20 per cent, of mercury, and the dose 
is then 2-3 c.c. once a week. 

Oleaium Hydrargyri (U. S. P.), Hydrargyri Oleas (B. P.), oleate of mercury, 
has been used for the same purposes as mercury ointment, but is somewhat 
more irritant and possesses no compensating virtues. 

Unguentum Hydrargyri Oleatia (B. P.), 1 part in 4. 

Emplastrum Hydrargyri (U. S. P., B. P.), mercury plaster, is formed in the 
same way as the ointment by the trituration of metallic mercury. 

Emplastrum Ammoniad cum Hydrargyro (B. P.) is similarly formed, but con- 
tains less mercury and a large quantity of a gum- resin (ammoniac). 

These plasters are sometimes applied to chancres and to syphilitic ulcers, 
and mercury plaster has been applied instead of the ointment as a treatment 
of syphilis. 

lAnimentum Hydrargyri (B, V.), 

Hydiiabgyri Oxidum Flavum (U. S. P., B. P.), yellow mercuric oxide. 

Hydrargyri Oxidum Kubrum (U. S. P., B. P.), red mercuric oxide. 

Unguentum Hydrargyri Oxidi Flavi (U. S. P. 10 per cent., B. P. 2 
per cent.). 

Unguentum Hydrargyri Oxidi Rubri (U. S. P., B, P.), 10 per cent. 

The two oxides are identical constitution (HgO), but the yellow is 
obtained by precipitation from the perchloride, the red by oxidation of the 
metal by means of nitric acid. The red is crystalline, the yellow amorphous, 
and both are practically insoluble in water and alcohol, but are soluble in 
acids. The red oxide is more irritant than the yellow on account of its 
crystalline form, and perhaps also because it often contains some nitrate. 
The yellow oxide is used in ointment in various diseases of the eye, and 
both are employed as applications to syphilitic sores, condyloraata, and 
chancres, although the red is often preferred for this purpose. They have 
also been proposed for hypodermic injection suspended in water. 

Two famous preparations of mercury are the black and the yellow wash, 
the former prepared from calomel, the latter from corrosive sublimate by the 
action of lime water. The black wash, Lotio Hydrargyri Nigra (B. P.), con- 
tains mercurous oxide (HgjjO), the yellow, iMio Hydrargyri Flava (B. P.), 
mercuric oxide (HgO). The oxides are in both cases insoluble and the 
lotions have to be shaken before application. They are used in syphilitic 
lesions as local remedies. 

Hydrargyrum Ammoniatum (U. S. P., B. P.), mercuric ammonium chloride, 
white precipitate (NH^HgCl), is formed by precipitating corrosive sublimate 
tsrith ammonia, and is a white, amorphous powder, without odor and with 
an earthy, metallic taste, almost insoluble in water and alcohol. 

Unguentum Hydrargyri Ammoniati (U. S, P., B. P.), 10 per cent. 

The white precipitate is not used internally, and is more irritant than the 
oxides. The ointment is occasionally applied in skin diseases and to destroy 
parasites. 

Liquor Hydrargyri Nitratia (U. S. P., B, P.), solution of mercuric nitrate, 
contains about 60 per cent, of the nitrate (Hg(N 03 ) 2 ) along with about 11 
per cent, of free nitric acid. It is a pow^erfully corrosive fluid which is used 
to cauterize the os uteri, cancers or condylomata. Symptoms of mercury 
poisoning have arisen from its apx)lication to the os uteri. 



Ukgtientum Hydhargyei Nitbatis (U. S. P., B.,P.)j citrine bintment, 
is used, diluted with oil or lard, in conjunctivitis, and also as an application 
to syphilitic sores and gangrenous ulcers. 

Unguentum HydrargyH Citratia IHlutum (B. F,), 

\ Hydrargyrum (U. S. P., B. P.), metallic mercury, is not used in thera- 
peutics at the present time. It was fonncrly employed in cases of intestinal 
obstinction in large quantities (up to a pound or more) in order to drag the 
intestines into place by its weight. As a general rule no symptoms of poison- 
ing occurred^ the mercury being voided unchanged and unabsorbed, but in 
some cases salivation followed its use. 

A large number of new preparations of mercury have been introduced of, 
late years and have received a more or less extensive trial, but have seldoial 
been found to be superior to the older forms. Among these may be mentioneji 
the tamxxte, which was introduced in the hope that it would cause less pq^ 
gation than calomel, and might therefore be better adapted for the treatmeiH 
of syphilis. 0. 1-0.3 G. (2-6 gm.) in powder. The carholate^ aalicylaie 
neutral or benzoate^ sozoiodolatej thymbl-aeetate and many other simili^ 
compounds have been used instead of calomel for hypodermic or intramus^ 
cular injection, have each in succession been blazoned forth as the best 
preparation, and will probably be forgotten in the course of a few years. 
Several amido acid salts of mercury such as the formamide^ the amido-pro- 
pionate (alanin mercury) and the auccinimide have been proposed as substi- 
tutes for corrosive sublimate in hypodermic injection. It was believed that 
the, affinity of mercury for nitrogen being satisfied in these compounds, it 
would attack the proteids less, and as a matter of fact, the injections are 
said to be less painful than those of corrosive sublimate. Breser has recently 
proposed mercuric-potaaaio hyposulphite, because the mercury is apparently 
contained in it in a form which does not admit of its dissociation. Colloid 
mercury has been suggested for inunction instead of the blue ointment, 
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in. IRON. 

Iron differs from the other heavy metals in being essential to the 
life of many, perhaps all, forms of protoplasm. In the vertebrates this 
is obscured by the fact that most of the iron is contained in the hsemo- 
globin of the blood, and its importance in the other tissues is generally 
ignored. In the invertebrates, however, in many of which no corre- 
sponding compound exists in the blood, considerable amounts of iron 
are found in the tissues, and tjiere is no question that throughout the 
animal kingdom iron is essential to living matter, quite apart from its 
special relation to the blood in the vertebrates. Moliscli has shown 
that it is also necessary for the development of the lower vegetable 
forms, and it has been found that in its absence the higher plants fail 
to form chlorophyll, although iron is not actually contained in the 
latter as it is in haemoglobin. 

The iron combinations are generally divided into two classes — in- 
organic and organic.^ In the former of these iron is contained in the 
ordinary salt form, is dissociated in solution, and can be recognized by 
such tests as the black precipitate with ammonium sulphide, and the 
blue precipitates with the ferrocyanide or ferricyanide of potassium. In 
organic iron these tests fail, or are only elicited after prolonged contact, 
as the iron ion is less readily dissociated. Examples of inorganic 
iron are the chlorides, acetates or sulphates, while the best ty pe of 
organic iron is haemoglobin, though numbers of others exist in the 
Jbissues. Between the ordinary salts of iron and haemoglobin and its 
allies there exists a number of compounds which are stained black by 
ammonium sulphide after prolonged contact, and which it is impossible 
to class either as organic or inorganic. 

I ** Organic*' and “inorganic” are here used in a special mdaning, and have no 
reference to the combination to which iron is attached, but to the method of attach* 
ment Thus the acetate and albuminate of iron are both classified among the inorganic 
iron compounds, because they are capable of dissociation, and the iron is precipitated 
by ammonium sulphide. “Masked iron” is a preferable term for “organic iron,*' 
but has not been so widely used. 



When such a salt as the perchloride is added to a solution of proteid, 
it precipitates it at once in the form of iron albuminate. This insolur 
ble body is also formed in the living tissues when the perchloride is 
brought in contact with them, and forms a protective coating on the 
surface. Iron has no such relation to the proteids as mercury, and 
does not corrode them of itself, any destruction which may be caused 
by such compounds as the perchloride being due to the acid constituent 
and not to the metallic ion. The albuminate is not so flocculent as 
that of mercury, and tends to protect the tissues from the acid, so that 
the corrosion of iron compounds is limited to the surface. The double 
salts of iron, the albuminous compounds, and organic iron do not pre^ 
cipitate proteids, and are therefore neither irritant nor astringent as 
long as they maintain their original form and are not decomposed into 
simple salts. 

Symptoms. — Inorganic iron compounds, of which the perchloride 
may be taken as a type, have an astringent, metallic, or often acid 
taste, but in ordinary doses induce no further symptoms. If swal- 
lowed in large quantities, they cause pain and uneasiness in the stom- 
ach, nausea, vomiting and often purging, with all the ordinary symp- 
toms of acute gastro-intestinal irritation. General weakness and even 
collapse may be induced, but are manifestly secondary to the gastric 
and intestinal effects, and no symptoms which can in any way be at- 
tributed to the absorption of iron have been observed in either man 
or animals. ^ 

The prolonged use of inorganic iron is frequently followed by some 
dyspepsia, and by constipation and colic, which are obviously due to 
the continued astringent action on the stomach and boWel. Other 
symptoms observed occasionally are blackness of the teeth and tender- 
ness in the gums, which may be due to the acid contained in many 
iron preparations ; the blackening of the teeth has been supposed to be 
due to the tannic acid of the food precipitating the inky black tannate 
of iron, or to the sulphide of iron being formed by the action of the 
hydrogen sulphide present in carious teeth. According to Buzdygan, 
the iron preparations increase the secretion of hydrochloric acid in the 
stomach, and may thus lead to hyperacidity, or aggravate it if already 
present. In artificial digestion, the salts of iron with organic acids 
are said to hinder the process more than those with inorganic acids, 
the ferric salts more than the ferrous, and the insoluble preparations 
least of all. The digestion of starch is almost unaffected by the pres- 
ence of iron. 

Iron given by the mouth induces leucocytosis (Pohl), and does not 
affect the amount of double sulphates excreted in the urine, so that it 
has no antiseptic action in the bowel (Morner). 

Some symptoms from the circulation are sometimes said to arise, but are 
for the most part subjective, and seem to be handed down by tradition rather 
than really observed. These are a feeling of congestion, fulness and heat in 
the head, and htemorrhages from the nose, throat and lungs, especially in 
phthisis^ ^ If these symptoms are not entirely imaginary, they are to be 
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attributed to some reflex from the stomach and intestine and not to any 
direct action of iron on the heart or vessels. 

When these astringent preparations are injected into the blood vessels in 
animals, they coagulate the proteids and cause thrombosis but no real 
symptoms of iron poisohing. Fatal thrombosis has been observed in patients 
froin the injection of the perchloride into the uterus, and also into naevi. 
The hypodermic injection of these salts causes some pain and swelling, but 
no further symptonis follow, and the iron is found for the most part deposited 
in an insoluble form at the point of injection. 

The General Symptoms of iron are obtained only by the intravenous in- 
jection of double salts, such as the tartrate of iron and sodium, which do not 
coagulate the blood, and at the same time are capable of freeing the iron 
ion in the tissues. Such salts as the ferrocyanides or ferricyanides on the 
other hand leave the body as such, and the iron ion is not liberated, so that 
no iron symptoms are induced. Meyer and Williams found that the double 
tartrate caused in the frog slowness and clumsiness in movement, which 
gradually developed into complete paralysis of the central nervous system. 
The heart seemed to be little affected, but the skeletal muscles were some- 
what less irritable than usual after death. In mammals, the symptoms of 
iron poisoning were often very late in appearing, and began with some 
acceleration of the breathing, which later became slow and dyspnieic; 
vomiting and diarrhoea often followed, and blood was sometimes seen in the 
evacuations of the stomach and bowel. Increasing weakness was followed 
by central paralysis and death, accompanied by weak convulsive movements. 
The heart seemed little affected, although the blood-pressure fell rapidly 
towards the end. Post-mortem, the mucous membranes of the stomach and 
intestine wore found swollen and congested, and often contained numerous 
small blood extravasations. Kobert found that repeated injection of small 
quantities of the citrate of iron induces congestion of the kidney and the ajj- 
pearance of casts and albumin in the urine. In acute poisoning the alka- 
linity qf the blood is reduced owing to the excess of lactic acid formed. 

Iron, like the other heavy metals, would therefore seem to have a specific 
irritant eflect on the intestinal and gastric mucous membrane, and to a less 
extent on the kidney. In addition, it depresses and eventually i)aralyzes 
the central nervous system, l)ut it is impossible to state how far this is duo 
to direct action, and how far it is secondary to the action in the alimentary 
canal. 

According to Kobert, iron perfused through the vessels has no effect on 
their calibre except in large doses, when it dilates them. The astringent 
action is due, therefore, to the precipitation of the proteids, and not to con- 
striction of the vessels. 

Apart from irritation of the stomach and intestine, no symptoms are 
induced by iron given by the mouth, because it is absorbed too slowly and 
in too small amount, and perhaps in a form which has little tendency to 
cause theni. 

The Absorption of Iron has been a subject of discussion only during 
^he latter half of the last century, for up to that time it haxi been assumed 
that it passed into the tissues with comparative ease, and was there 
formed to haemoglobin. In this way was explained its effect in 
anaemia, particularly in the form known as chlorosis, in which there is 
a deficiency of haemoglobin rather than of blood cells. The benefit 
accruing frW the use of iron salts in this disease has been attested by 
so many generations of physicians that only the most skeptical can 
have any doubt on the subject. The first to question this explanation 
of the action of iron in chlorosis was Kletzinsky, who formulated a 
42 
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theory of its action, which was soon forgotten, however, and only 
became popularly known when it was resuscitated by Bunge. This 
explanation, which is generally stated as Bungees theory, has been 
widely held during the last few years, but has now been abandoned by 
almost all its former supporters including its author, who has been 
compelled to admit not only that iron salts are absorbed but that their 
administration leads to an increased formation of hasmoglobin. 

No account of the action of iron would be complete, however, without ^ 
reference to an explanation, which has at least had the effect of establishing 
a number of facts regarding the fate of iron in the body, and also the less 
desirable result of increasing to a considerable extent the number of pat- 
ented preparations containing iron. Shortly stated, Bunge’s theory is that 
in ordinary conditions a certain amount of iron is lost by the body constantly 
through the excretions, and this loss is made up by the absorption of the iron 
contained in the food. This food-iron consists wholly of organic iron, that 
is, of iron combined in such a way that sulphides attack it with difficulty ; 
an example of such organic iron is the haematogen of the yolk of egg. In 
• normal individuals the food-iron is sufficient to replace that lost by excre- 
tion, but in chlorosis the presence of largo amounts of sulphides in the in- 
testine causes the food-irons to be decomposed to ferric sulphide, which is 
insoluble and unabsorbable. When the ordinary inorganic iron prepara- 
tions are administered in these cases, they are not taken up in place of 
the food-irons ; but, by foiming sulphide in the intestine, they remove the '' 
sulphuretted hydrogen, and prevent the decomposition of the food-irons, 
which thus remain capable of being absorbed. Bunge and his followers 
went on to state that inorganic iron is never under any circumstances ab- 
sorbed by the normal epithelium, but that^^when large quantities are admin- 
istered, they tend to corrode the walls of the stomach and intestine, and are 
thus absorbed to some extent. Even then, however, they are incapable of 
being formed to haemoglobin, the animal body being able to perform only 
the last steps of this synthesis, after the plants have formed the simpler 
types of organic iron. This theory now possesses only historical interest, so 
that it is unnccessaiy to enumerate the arguments brought against it. It 
may be sufficient to state that if the ordinary preparations of iron acted only 
by binding the sulphides of the intestine, various other metals would be 
equally efficient in chlorosis ; iron would not be beneficial injected hypoder- 
mically, and iron sulphide given so as to escape the action of the gastric 
juice would bo equally useless. It is found, however, that no other metal 
can replace iron in chlorosis ; that iron injected hypodermically is curative 
in chlorosis, and that the sulphide administered so as to reach the intestine 
unchanged, acts as well as other preparations (Stockman). Finally, it has 
been shown that ordinary preparations of iron are absorbed. 

Driven from their former position that inorganic iron is not absorbed by 
the intestine, the advocates of the use of organic iron in chlorosis have at- ' 
tempted to make a further stand by asserting that, although the ordinary 
preparations are absorbed, they are not used in the formation of haemoglobin, 
but after a more or less prolonged stay in the liver and other organs, are 
excreted. This statement is refuted, however, by several researches, in 
which the addition of inorganic iron to food deficient in iron {milk), or 
entirely free from it, prevented the anaemia which was observed in animals 
fed on the same food, but without iron. Finally Abderhaldeh, the latest ex- 
ponent of Bunge’s views, finds that inorganic iron increases the haemoglobin 
of the blood, but suggests that it may do so indirectly by taking the place of 
the food-iron which supplies the needs of the tissues, the food-iron then being 
formed to haemoglobin ; he fails to supply any arguments in support of this 
, theory j Which it is therefore unnecessary to discuss. 



the course of iron in the bodJ^a^e 
due to its being present in all the tissues and secretions normally^ and 
to the very small quantity which is contained in ordinary food, and 
which is essential to the maintenance of health. About 2 3J G. 
(40-55 grs.) of iron are estimated to be present in the tissues of a 
healthy human adult, the greater part of it existing in the form of 
haemoglobin in the blood. Formerly it was believed that some 50 
ings. (1 gr.) of iron were taken in the food per day, but Btockman and 
Greig have recently shown that this estimate is much too high, and 
that an ordinary dietary provides only about 5-10 mgs. gr.) of 

iron per day ; they found in one case that even 3-5 mgs. gr.) 

were sufficient to preserve the iron equilibrium. About the same 
amount of iron is excreted per day, chiefly in the faeces, to a much 
^mailer extent in the urine. 

When additional iron is supplied to the body, either as inorganic or 
as organic iron, much the greater part of it reappears in the stools. 
This does not necessarily entail that all of it has passed through the 
bowel unabsorbed, for it is now perfectly certain that iron is excreted 
through the intestinal epithelium, so that some of the iron of the stools 
may have been absorbed and reexcreted. The strongest argument cited 
by Bunge in support of his theory was that inorganic iron, given by 
the mouth, did not increase the iron of the urine. He assumed that 
any iron absorbed would necessarily appear in couise of time in the 
urine, but this has been shown to be incorrect by a whole series of in- 
vestigations. When iron salts such as the double tartrate are ipjected 
into aVein, they soon disappear from the bk)od, but only some 2-5 
per cent, of the quantity injected reappears in the urine, the rest being 
withdrawn from the blood and stored up in the cells of the liver and 
spleen, and perhaps in the bone-marrow. Thus even if iron is ab- 
sorbed in the intestine, it is improbable that it will reappear in the 
urine in appreciable quantity, for supposing 10 mgs. to be taken up, IS 
per cent, of this would represent only ^ mg. and this lies within the 
limits of error of estimation. In addition, it seems probable that when 
iron enters the blood slowly and in small quantities, even a less pro- 
portion of it is excreted in the urine than when larger quantities are 
injected suddenly. On the whole the evidence goes to show that 
0.5-1.6 mgs. of iron are normally excreted in the urine in 24 hours, 
and that the administration per os of iron preparations, whether organic 
or inorganic, does not affect this amount. The fact that an iron 
preparation given by the mouth does not increase the iron in the uriiie 
is therefore no evidence that it has not been absorbed from the stomach. 

Iron injected into the veins of normal animals is stored up in the 
liver and spleen, but is slowly taken up from these organs again, and 
is excreted by the epithelium of the caecum and colon. When iron is 
given by the mouth, therefore, it may either pass along the canal and 
be thrown out in the faeces, or it may be absorbed, make a stay in the 
liver, be excreted in the large intestine, and again appear in the stools. 
The comparison of the iron in the food and in drugs with that of the 
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stools therefore gives no clue as to how much has been absorbed, and 
how much has simply passed through the intestine. 

But the passage of iron from the liver to the intestine is a somewhat 
slow process, and it is therefore possible to detect the excess of iron in 
the liver. This has been done repeatedly by the following method. 
Young animals of the same litter fed on milk have approximately the 
same amount of iron in the liver. If one be fed on milk only, the 
other on milk to which imn is added, the liver of the latter is found 
to contain more iron than that of the control. Other investigators 
have fed animals (rats or mice) on food that is practically free from 
iron, have killed them and estimated the iron in the w'hole body apart 
from th^ alimentary tract and compared it with that of animals treated 
in the same way except that iron was added to the food. The latter 
group contains much more iron than the control group fed on iron-free 
food, and in general presents a much more healthy and normal ap- 
pearance. 

rinally, attempts have been made to follow the iron in its course 
through the tissues. This is possible by the histological examination 
of tissues soaked in ammonium sulphide solution, in potassic ferrocy- 
anide and hydrochloric acid, or in haematoxylin, as these form black 
or blue precipitates with most forms of iron, but leave the hsBmoglobin 
unaffected. When animals are given iron preparations, and are then 
killed, and their organs stained by these reagents, the mucous mem- 
brane of the stomach and of the greater part of the small intestine gives 
no coloration, but the epithelium of the duodenum and the upper part 
of the jejunum is found to contain numerous granules of iron. These 
granules may be traced to the mesenteric lymph glands, are found in 
large numbers in the spleen around the corpuscles, to a much smaller 
extent in the liver, and in the cortex of the kidney. If, however, the 
animal be kept for some days after the iron is given, the reaction in 
the duodenum, spleen, and mesenteric glands is less intense, while the 
liver gives much more distinct evidence of containing iron, and the 
epithelial cells of the large intestine and csecum also give a strong 
reaction. This is interpreted to mean that iron is absorbed by the 
duodenum and is first stored in the spleen, but later finds its way 
through the blood vessels to the liver, where it rests again for some 
time, to be eventually taken up again by the blood and excreted into 
the large intestine and the csecum. There is some question as to 
whether the lymph vessels are involved in the absorption of iron and 
the most recent investigators have failed to find it in the thoracic duct* 
and accordingly hold that it is absorbed from the intestine into the 
blood vessels directly. The iron stored in the liver does not escape 
by the bile as might be anticipated. A small percentage of iron is a 
constant constituent of this fluid, but is not increased by iron given by 
the mouth or intravenously. 

Nothing is known with certainty regarding the form in which iron 
is absorbed. It is assumed that in the stomach almost all the prepa- 
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rations form chlorides to a greater or less extent,^ are then changed 
into albuminates^ and in this form pass into the duodenum^ whfere they 
may be absorbed in solution, or may be precipitated and taken up as 
solids by the epithelial cells and the leucocytes* In the liver it seems 
likely that the absorbed iron is changed to hepatic ferratin, and that it 
is stored in this form. Several other iron compounds have been found 
in the liver, and iron undoubtedly undergoes a number of synthetic 
processes there. 

It must not be inferred from the foregoing that all of the inorganic 
iron swallowed is taken up by the intestinal epitheliunl. It is quite 
impossible to form even approximate estimates of the amount that is 
really absorbed and made use of by the tissues, but the probability 
is that only a small percentage is really taken up ; the rest passing 
-through the intestine and being thrown out in the stools. It is often 
stated that the iron stools are dark or black in color, from the sulphide 
present, but this seems to be seldom the case when they are passed, 
although they assume a darker gray or grayish black color in the air 
from oxidation. The iron is contained in them only to a small extent 
as the sulphide, some of the rest probably being albuminate. 

To sum up what is known regarding the fate of the iron preparations, 
they are partially formed to the chloride and then to the albuminate in 
the stomach, pass into the duodenum, from which the great bulk is car- 
ried on into the lower parts of the intestine, while some is absorbed by 
the epithelium and leucocytes? in solid form and perhaps in solution. 
It is |hen deposited in the spleen, where it may undergo some changes 
in form, is later taken up by the blood and deposited in the liver and 
perhaps in the bone marrow. Where the supply of iron has been 
inadequate for the formation of haemoglobin, the originally inorganic 
iron is probably worked into higher forms and eventually into haemo- 
globin in the liver, and it seems likely that ferratin is one of the 
intermediate steps in this synthesis. When there is no deficiency of 
iron for the formation of haemoglobin, the liver slowly yields its store 
of iron to the blood, which carries it to the caecum and large intestine, 
by the epithelium of which it is finally excreted. It is to be noted 
that the iron absorbed does not increase the amount of iron in the 
urine, bile or other excretions. The investigations on which this sketch 
is founded have been completed only in the last few years, and establish 
finally the truth of the position held by the older physicians and indeed 
by the clinicians of this later time also, that inorganic iron follows the 
‘ same course in the tissues as food-iron, although possibly more of the 
latter is absorbed. 

But this explanation of the iron action does not cover all the diffi- 
culties of the case. Many cases of chlorosis recover without inorganic 
iron under hygienic conditions, such as rest, and particularly when 
foods rich in iron are prescribed, this being exactly what is to be ex- 
pected on the theory that inorganic iron merely takes the place of the 

1 According to scvoml pf the older authors the ferric salts are changed to ferrous in 
the stomach. 
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deficient food-iron. But many chlorotic patients show little or no 
improvement when treated with foods containing iron, even when there 
is no question that the iron supplied daily in food form is sufficient for 
the needs of the economy, and chlorosis even appears in individuals 
who have never, suffered from any deficiency * of food-iron. Yet many 
of these cases recover rapidly under inorganic iron. V, Noorden has 
attempted to explain this by supposing that inorganic iron when 
absorbed acts as a stimulant to the blood-forming organs, while food- 
iron has no such property. And some indications of abnormal activity 
of the bone-marrow cells have been observed in animals supplied with 
inorganic iron ; this may not be the effect of stimulation in the ordi- 
nary sense of the word, however, for it may be explained by the un- 
usual abundance of the materials necessary to their activity. The 
difference in the effects of the irons of the food and of the inorganic 
preparations may be due to the fact that food-iron is always accom- 
panied by a large amount of colloid material, which may materially 
delay its absorption while inorganic iron on the other hand is much 
less completely enveloped, and may be more easily absorbed. In ad- 
dition, the iron preparations are given in much larger amounts than 
the food-irons. When 10 mgs. (food-iron) are taken per day, only a 
small proportion {e, g,, 5 mgs.) may be absorbed, and this may be 
insufficient to supply the needs of the body, but if some hundreds of 
milligrams of inorganic iron be added, the proportion absorbed will be 
amply sufficient. The same effect might be obtained by the same 
amount of food-iron, but this is only to be obtained by giving more 
food than can be digested. 

Iron is not absorbed from the unbroken skin, and the iron and steel 
baths are therefore of no value in themselves in the treatment of 
anaemia. 

Therapeutic Uses. — Iron is most frequently used in the treatment of 
Chlorosis, which in a large proportion of cases recovers entirely under 
it. Some cases, however, improve somewhat under iron, but relapse 
when it is left off, and a certain number of patients show no improve- 
ment whatever under it. These last are not generally regarded as 
suffering from chlorosis proper, but from a more malignant form of 
anaemia. A number of symptoms which are due to chlorosis, and 
which are often more prominent than the original disease, are also re- 
lieved or entirely removed by iron. Thus gastric catarrh, amenorrheea, 
or oedema may disappear under it, but in these cases the symptoms 
are chlorotic in origin, and the improvement is due to the increased* 
haemoglobin, and not to the direct action of iron on the stomach, uterus 
or circulation. In chlorosis, the iron is generally given in small doses, 
at any rate at first, and the less astringent preparations are preferred 
by most clinicians, although some still advise the perchloride. When 
chlorosis is complicated with gastric catarrh, some authorities advise 
that the latter be treated before the general condition, as iron in itself 
is liable to irritate the stomach. In many cases, however, the catarrh 
l^iSeepntlkry t^ chlorosis, and can only be treated successfully by 
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improving the condition of the blood; the iron preparation here ptig|it 
to be mild and not irriteting. In chlorosis the tendency to constipa- 
tion may be increased by iron, and a purge is often required, such as 
the iron and aloes pill, which is particularly recommended when chlo- 
rosis is attended by amenorrhoea. 

Iron is of less value in other forms of ana 3 mia, although it is often 
prescribed and may be followed by some improvement. Tims it may 
be administered during convalescence from acute disease, such as 
typhoid fever, or nephritis, and in the anaemia induced by profuse 
haemorrhage, iron often seems to accelerate the recuperation of the 
blood. It is often prescribed for the cachexia of malaria, syphilis and 
other chronic diseases. • ‘ 

Iron is said to be contraindicated where there is fever, in plethoric 
individuals with a tendency to haemorrhages, and in some forms of 
heart disease. In these conditions the iron preparations can harm 
only from a reflex induced from the stomach, as the small quantity of 
iron absorbed is incapable of producing any effects in the tissues. In 
phthisis, it is very generally credited with causing haemorrhage from 
the lungs, but it may be questioned how far this apprehension is based 
on observation, and how far it is a relic of old and forgotten theories 
of the action of iron. It has to be given with caution here in order 
to avoid irritation of the stomach and dyspepsia, and in the presence 
of gastric catarrh from any cause, its effects have to be watched care- 
fully. • 

Some of the older authorities advise iron to be given in large quan- 
tities,* but the dose has been reduced of late years to about 0.1-0.2 
G. (2--3 grs.) three times a day. It is given after meals in order to 
aivoid the irritant action on the stomach as far as possible. It is to be 
noted that on giving 0.1 G. of iron three times a day, about thirty 
times as much iron is given as is required normally in food, so that 
the chlorotic receives more iron per day than a workman in a month. 

Iron is occasionally injected hypodermically, with the object of 
avoiding the irritation of the stomach, but this procedure is painful 
and causes some swelling and irritation, which lasts twenty-four hours 
or more. Most of the salts are precipitated at tlie point of injection, 
but some, such as the citrate, are taken up by the blood at once; the 
danger of renal irritation, anticipated by Robert, does not seem to 
arise if small quantities are used. The citrate and pyro-phosphate in 
6 per cent, solution have been used in this way, 0.06-0.1 G. (1-2 grs.) 
’of the salt being injected daily. The hydrate and oxide have also 
been injected, suspended in salt solution, but are somewhat more irri- 
tant, while the peptonate is recommended as being almost devoid of 
irritant qualities. 

Iron has been recommended in erysipelas, but has proved valueless 
in the hands of most investigators, ^me of the iron salts are employed 
as Astringents, the most popular preparations for this purpose being the 
ferrous sulphate, which has been used to some extent in diarrhoea, and 
also externally. The perchloride is jierhaps the best Styptic of its 
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class. When applied to a bleeding point, it precipitates the proteids of 
the blood plasma, and thus forms an obstruction to the flow of blood 
similar to that caused by clotting, although no flbrin, but only a mass 
of iron albuminate, is formed by the perchloride. This styptic action 
is of value in capillary and recurrent haemorrhage, while in bleed- 
ing from an artery, the ordinary surgical methods are of course pre- 
ferred. The chloride arrests haemorrhage only when it can be brought 
into actual contact with the bleeding point, and where this is covered 
by a large mass of semicoagulated blood, the treatment is of no avail, 
as it simply forms the albuminate with the blood with which it comes 
into contact first, and this may be far from the actual point of rupture. 
As an application to the stomach and bowel in haemorrhage from these 
parts, the perchloride is unlikely to prove successful, while in bleed- 
ing from the nose, or gums, or after the extraction of a tooth, it is 
more reliable. It has been injected into the uterus in haemorrhage, 
into naevus in order to cause coagulation and subsequent cicatrization 
of the tissue, and into aneurisms. This is a very dangerous treat- 
ment, however, for several cases of fatal embolism have arisen from 
the precipitated albuminate being carried off in the veins. Perchloride 
of iron solution has been sprayed into the air paissages in haemoptysis, 
but if sufiiciently concentrated to coagulate the blood at the bleeding 
point in the lungs, it would certainly induce irritation and coughing. 
The perchloride is, of course, valueless in haemorrhage from internal 
organs, for in the first place, very little ^f it is absorbed, and in the 
second place, what does pass into the tissues is already in proteid^ com- 
bination, and therefore incapable of coagulating the blood. The same 
objection applies to the alleged astringent effect of iron in nephritis. 
It is possible that iron may lessen the albumin in the urine in these 
cases, although the clinical evidence is contradictory on the subject, 
but it is absolutely certain that it does not do so by any local action 
on the albumin in the kidney. 

The sulphate of iron is used as a disinfectant for sewage. It acts 
here merely by precipitating the proteids, which carry down the bac- 
teria mechanically. The proteids of the sewage may be increased by 
the addition of blood before the sulphate is applied. The sulphate of 
iron is used, because it is cheaper than the other salts of the heavy 
metals. 

pREPAKATIONS. 

Ferri Chloridum (U. S. P.), ferric chloride (Fe 2 Clg+ I 2 H 2 O), orange yellow 
crystals, with a strong astringent taste, very deliquescent in air, soluble in 
water and alcohol. 

Liquor Ferri Ghloridi (U. S. P.), a solution of ferric chloride containing 
about 37.8 per cent, of the anhydrous salt or about 13 per cent, of iron.- 

Tinctura Ferri Chloridi (U. S. P.) is formed from the liquor by dilut- 
ing it with 3 parts of alcohol. 0.6-2 c.c. (8-30 mins.). 

Liquor Ferri Ferchloridi Fortis (B. P.) is formed by dissolving iron in hy- 
drochloric acid, and contains 22 J per cent, of iron. It is an orange-brown 
hn^d, with a strong astringent taste. 
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Tinotura Ferbi Perchloridi (B. P.) are formed by diluting the strong 
liquor with 8 times as much water, and with two pai-ts of water and one of 
alcohol respectively. 5-15 mins. 

The chloride is used as a styptic cither as the Liquor Fortis (B. P.) or in a 
very much stronger form, prepared by allowing the ciystals to deliquesce. 
A plug of cotton«wool steeped in the solution is used to stop bleeding after 
the extraction of teeth, and the liquor has been injected into the uterus in 
haemorrhage, and into aneurisms and naevi. When diluted it may be used 
as a gargle, but has a disagreeable, inky taste, and attacks the teeth. The 
tincture is very commonly used in the treatment of chlorosis. It ought to be 
taken in a glass of water, and through a quill or glass tube, in order to avoid 
injury to the teeth. 

Liquor Ferri Nitratia (B. P.) contains 3.3 per cent, of iron. 5-15 mins. 
Used as an astringent to a limited extent. 

Liquor Ferri TermIphatU (U. S. P.), Liquor Ferri Permlphafis (B. P.), a so- 
lution of ferric sulphate (Fc 2 (SO^) 3 ), is used only for the preparation of other 
iron salts. 

Liquor Ferri Submlpkatia (IT. S. P.), MonsePs solution, an aqueous solu- 
tion of basic ferric sulphate of variable chemical composition, and containing 
about 13.8 per cent, of metallic iron. 0.2-0 . 6 c.c. (3-10 mins.). Used as an 
astringent gargle, and in general like the chloride. 

Ferri Sulphas (U. S. P., B. P.), ferrous sulphate (PeSC\ I’TH^O), large, 
pale, bluish-green crystals with a saline, astringent taste, soluble in water, 
insoluble in alcohol, and unstable in moist air. 0.05-0.3 Gr. (1-5 grs.). 

Ferri Sulphas Gi'anulatua (U. S. P.), recrystallized ferrous sult)hate in very 
small crystals. 0.05-0.3 G. (1-5 grs.). 

Ferri Sulphas Exaiccatua (U. S. P., B. P.), dried ferrous sulphate (2PeSO^ 
+ 3 H 2 O), ordinary sulphate fronf which most of the water of crystallization 
has been driven off by heat. A grayish- white powder resembling tlie ordi- 
nary sdlphate in its solubility. 0.03-0.2 G. (J-3 grs.). 

Ferri et Ammonii Sulphas (U. S. P.), ammonio-ferric sulphate or ammonio- 
ferric alum (Fe2(NHj2(S0J^+24Il20), is a double salt forming pale violet 
crystals with an acid astringent taste — soluble in water, not in alcohol, 
O.S-0.6 G. (5-10 grs.). 

The sulphate of iron is very astringent, though less so than the fci-ric salts. 
It is used as an astringent application to mucous membranes, such as the 
eye, mouth, urethra, more rarely internally in anmmia, although it is less 
irritant than the chloride. 

The Fil. Aloes et Ferri (U. S. P., B. P.), which is used very largely in 
amenorrhoea and in chlorosis with constipation, contains dried sulphate of 
iron. Dose, B. P., 4-8 grs. 

Ferrum (U. S. P., B. P.), metallic iron in the shape of fine wire is used only 
to form other preparations. 

Ferrum Eeductum (U. S. P.), Ferrum Redactum(B. P.), reduced iron, 
a very fine grayish-black, lustreless powder, without taste, insoluble in water 
or alcohol, soluble in acid. It consists of metallic iron, with a small amount 
.of the magnetic oxide. 0.05-0.3 G. (1-5 grs.). 

Trochiacus Ferri Bedacti (B. P.), each contains 1 gr. of reduced iron. 

Ferri Carbon as Saccharatus (U. S. P., B. P.), saccharated ferrous car- 
bonate, is formed by precipitating ferrous sulphate with sodium bicarbonate 
(ammonium carbonate, B. P.), washing the precii)itate and adding sugar. It 
contains ferrous carbonate along with some ferrous sulphate and sodium bi- 
carbonate (U. S. P.), and is a greeni.sh-brown powder, which rapidly oxidizes 
in the air, and has a sweetish, astringent taste. The carbonate is a very 
unstable body, and on keeping is slowly transformed to ferric hydrate 
(Fe„(OH)g). The sugar is added in order to retard this oxidation, but the 
carbonate ought not to be dispensed unless it is of recent preparation. 0 . 6 - 
2 G. (10-30 grs.). 
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PiLULiE Febbi Oabbonatjs (U: S. PO, PiLULA FERiii (B. P,), ferruginous 
or chalybeate pills, blaud^s pills, are prepared in the same way, by the ac- 
' tion of ferrous sulphate and carbonate of potash or soda. Sugar^ tragacanth 
and glycerin are added ; they ought to be freshly prepared in order to a.void 
the formation of the hydrate. Each pill (U. S. P.) contains about 0.06 G, 
(1 gr.) of iron, that is, 5 grs. contain about 1 gr. A method of keOpitig the ’ 
carbonate and the sulphate apart until actually swallowed has been adver- 
tised, the two being given in a capsule, but being separated by a membrane 
which is dissolved off in the stomach. This same effect would be obtained by 
giving them entirely separate, and it is extremely improbable that , the car- 
bonate is formed in the acid contents of the stomach. 1-5 pills U. S. P., 6 - 
15 grs. B. P. 

Mdssa Ferri Carhonatia (U. S. P.), Val lets’ Mass, is formed by the action 
of ferrous sulphate and sodium carbonate. Sugar and honey are added to 
the precipitate to form a mass of the proper consistency for pills. This 
preparation has never enjoyed the popularity of Blaud’s pills and is super- 
fluous. 0. 2-0. 3 G. (3-5 grs.). 

Mistura Ferri Composita (U. S. P., B. P.), Grifiith’s mixture, is formed 
by mixing ferrous sulphate, X3otassium carbonate, myrrh, sugar, spirits of 
lavender (nutmeg, B. P.) and rOse water. The ferrous carbonate (FeGOg) is 
precipitated and the mixture has therefore to be shaken before taking, and 
ought to be freshly prepared. 1.5-30 c.c. (j-l fl. oz.). 

Eeduced iron and the four carbonate preparations are used exclusively in 
the treatment of anscmia. They are practically devoid of irritant properties, 
and are among the best of all the iron preparations for this purpose. The 
Blaud’s Pills have in particular a well merited reputation in the treatment 
of chlorosis and of chlorotic amenorrhoea. Another preparation used for 
this purpose but not official is Ferrum HialysatuHi in which a considerable 
amount of iron oxide is kept in a semi-coKoid state dissolved in a minimum 
amount of the chloride. It tastes of iron but is not astringent. 

Ferri Hydroxidum (U. S. P.1, ferric hydrate, or hydroxide (Fe 2 (OH)g), a 
brownish-red, pasty mass, insoluole in water or alcohol, but soluble in hydro- 
chloric acid, is used almost exclusively in the treatment of arsenic poisoning, as it 
is supposed to retard its absorption in the stomach. It ought to be freshly prepared, 
otherwise it forms particles which combine with greater difficulty with th^ poison. 

Ferri Hydroxidum cum Magneaia (U. S. P.), is formed by precipitating ferric 
sulphate by magnesia and is used in arsenic poisoning and known as the arsenic 
antidote. Both of these preparations have to be given freely in arsenic poison- 
ing, at least 15-20 G. (J oz.). The remedy is harmless in itself, but its efficacy 
is very doubtful. 

Uqmr Ferri Aeetatu (B. P.), an aqueous solution of the acetate (Fe 2 (C 2 H 30 j) 5 ), 
containing about 31 per cent, of the salt or about ■ 7. 5 per cent, of iron. 0. 3-1 
c.c. (5-15 mins.). 

Ferri Oitras S. P.), transparent, garnet-red scales with a slight iron taste. 
0.06-0.3 G. (1-5 grs.). 

Ferri Phosphaa (B. P.), a powder containing not less than 47 per cent, of hy- 
drous ferrous phosphate (Fe 8 (P 0 j 28 H 20 ), with ferric phosphate and some iron 
oxide. It is a slate- blue, amorphous powder, insoluble in water. 5-10 grs. 

Syrupua Ferri Phqaphatia (B. P.). 1 fl. dr. represents 1 gr. of anhydrous 

ferrous phosphate. §-l fl. dr. 

Fern Plwaphaa Solubilia (U. S. P.). The phosphate of iron is insoluble in 
iteelf, but is rendered soluble by the presence of sodium citrate — ^thin, green 
scales with a saline taste, insoluble in alcohol. 0.1-0.5 G. (2-8 grs.). 

Ferri PyrophoapJtm Solubilia (U. S. P.), like the phosphate, is rendered 
soluble by sodium citrate, and resembles it in it® appearance and solubility. 
0.1-0.6 G. (2-8 grs.). . 

Ferri E^ophosphia (U. S. P.) (Feg(PH,Oj,)„), a white powder, odorless 
and nearly tasteless, almost insoluble m water, but dissolved by solutions Of 
, ^ikaft 0.3-1 G. (5-15 grs.), in pill. 
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Filulm Fe^ Xodidi S, P.), each contains 0.04 G. of iron. 1-2 pills, 
i Syrupus Ferri lodidi (U. S. P., B. P.) contains about 1.8 per cent, of iron. 
2-4 C.C. (J-1 fl. dr.). 

Fern Arsenas (B. P.), iron arsenate, consists of ferrous arsenate 
(Fej(AsO^) 2 , OHjO), with ferric arsenate and some iron oxide, and forms a 
tasteless, amorphous powder of a greenish color, insoluble in water. Vy- J gr. 

These preparations have all been prescribed to a greater or less extent in 
the treatment of anaemia, the lactate, phosphate and pyrophosphate being 
perhaps more widely used than the others. It is needless to repeat that the 
valerianate is not of greater value in hysteria than the other preparations, as 
valerianic acid is useless in this condition. The iodide has been advised in 
order to combine the effects of iodide and iron, but the iodide given in this 
form is in much smaller quantity than that found necessary in the iodide of 
potassium treatment, and it seems open to question whether the improvement 
is not due to the iron only. The hypophospHite is also used in cachexia, in 
order to combine the hypophosphite and the iron effects. 

^ Ferri et Quinina: dtraa (U. S. P., B. P.), thin scales of a reddish-brown 
color, and of a bitter, iron taste, slowly soluble in water, partially soluble in 
alcohol, containing 11.5 percent, of quinine and 14. 5 per cent, of iron IT. B. P. 
0.3-0.6 G. (5-10 grs.). 

Ferri et Quinine Citras Solubilw (U. S. P.), thin scales of a greenish color 
and of a bitter, iron taste, easily soluble in water, only partially in alcohol. 
It contains the same amount of iron and quinine as the ordinary preparation. 
0.3-0.6 G. (5-10 grs.). 

Ferri et Strychninse Citras (U. S. P.), thin, transparent scales of garnet-red 
or yellowish-brown color, readily soluble in water, containing about 1 per 
cent, of strychnine and about 16 per cent, of iron. 0.1-0. 3 G. (2-5 grs.), 

Stfrupm Ferrij Quininm et Strychninm Phosphatum (U. S. P.), Syrupus Ferri 

Phospkatis mm Quinina et Strychnina (B. P.). 2-4 c.c. (J-1 fl. dr.). 

Glyceritum Ferriy Qummce et Stnjchfmm Phosphatum ( U. S. P. ). 1 c, c. ( 15 mins. ). 

Elixin Ferri, Quiwinm et Strychninm Phosphatum (U. 8. P.). 4 c.c. (1 fl. dr.). 

Ferri et Ammonii Citron (IT. S. P., B. P.), thin garnet-red scales with an 
acid, iron taste, soluble in water and containing 16 i)er cent, iron, 0.3-0. 6 
G. (5-10 grs.). 

Ferri et Ammonii Tartras (TJ. S. P.), thin, transparent, garnet-red scales, 
very soluble in water and containing about 17 i)er cent, of iron, 0,3-0. 6 G. 
(5-10 grs.). 

Ferri et Potasm Tartras (U. S. P.), Ferrum Tartaratumtfi, P.) resembles the 
last preparation, but contains only about 15 per cent, of iron. 0.3-0. 6 G. 
(5-10 grs.). 

Liquor Ferri et Ammonii Acetaiis (U. S. P.), Basham’s mixture, contains 
only a very small proportion of iron, along with acetic acid, ammonium 
acetate, aromatic elixir and glycerin. 15-30 c.c. (J-1 11. oz.). 

Vinum Ferri (B. P.). 1-4 11. drs. 

Vinum Ferri Amarum (U. S. P.). 8-15 c.c. (2-4 fl. drs.). 

Vinum Ferri CitratU (B. P.), Vinum Ferri (U. S. P.). 4-15 c.c. (1-4 fl. drs.). 

The two wines of iron of tlie U. S. P. are practically identical except that 
the first contains the citrate of iron and quinine, the second, the citrate of 
iron and ammonium. Each is made up with tincture of sweet orange peel, 
syrup and white wine. The iron wine of the B. P. is formed by dissolving 
iron in sherry wine, the citrate of iron wine by dissolving the citrate in 
orange wine. 

The double salts of iron (scale preparations) and the wines are used to 
some extent in chlorosis, but more frequently in convalescence from acute 
fevers, which is often attended by anmmia; in these cases the iron wines 
are often of considerable value. The double salts are not so liable to disturb 
the digestion as the other soluble preparations of iron, but are not superior 
to the carbonate preparations and the reduced iron in this respect. 
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Iron is contained in many mimral waters) which are therefore advised in 
cases of anmmia. It is generally in the form of the carbonate, which is dis- 
solved by the excess of carbonic acid present, but becomes oxidized to 
the insoluble fel*ric hydrate in the air. The amount of iron contained is 
small, seldom being more than 0.1 G. per litre, but the treatment of 
chlorosis is unquestionably aided by change of scene and in particular by the 
high elevations at which many of these springs are situated, so that the suc- 
cess of treatment with these iron waters is perfectly intelligible. Bathing in 
iron water has no further action on the blood than ordinary baths, as no 
iron is absorbed. 

Many Proteid Compounds of iron have been introduced into therapeutics 
in the last few years, but few of them need bo mentioned, as a large number 
of them promise to be relegated to merited oblivion in the near future. The 
albuminate of iron and the peptonate of iron are generally prepared by the 
action of the chloride on egg albumin or on peptone, and vary very consid- 
erably in the percentage of iron contained. In most of them the albu- 
minate or peptonate is accompanied by more or less perchloride and oxide. 
These preparations are not “organic ” iron in the sense defined on page 659, 
for the iron can bo split off easily, and is precipitated by sulphides almost 
as readily as the ordinary salts. The albuminate and peptonate possess no 
advantage over the usual preparations, unless they prove less irritant to the 
stomach, and of this there is no satisfactory evidence. Soluble peptonate and 
albuminate of iron are put on the market by a number of manufacturers. 

Schmiedeberg found in the liver an iron compound which does not seem 
to resemble the ordinary salts, for it is only blackened by sulphides after 
sometime, and in other ways shows resemblances to the “organic iron,’’ 
such as the hmmatogen of the yolk of egg. It would seem to stand midway 
between the ordinaiy dissociable salts and hasmoglobin, for it reacts to 
ammonium sulphide more tardily than Ifhe former, while the latter is not 
affected by this reagent. Schmiedeberg named this compound, which is 
an iron -containing proteid, Ferratin. He attempted to form a sinfllar sub- 
stance synthetically from the white of egg, and obtained a body containing 
6-8 per cent, of iron, which reacted similarly with sulphide, and which he 
failed to dissociate by electrolysis. Believing it to be identical with the 
hepatic ferratin, he advised its use in chlorosis as being a natural food iron. 
It is impossible to state from these reactions, however, that the two sub- 
stances — ^the hepatic and the artificial ferratin — are identical, and, in fact, 
Macallum finds that the former fails to give the hmmatoxylon test, while the 
latter yields it readily. 

Artificial ferratin is partially decomposed in the stomach into ordinary 
inorganic salts, but there seems reason to believe that it is absorbed more 
easily than the usual preparations, and it is not irritant to the stomach and 
does not often give rise to dyspepsia. On the whole, ferratin seems a good 
preparation for use in chlorosis, but possesses no such specific virtues as have 
been attributed to it by enthusiastic advocates, and it has the disadvantage 
of being very much more expensive than most other preparations. It is 
given in powder or pill, or in solution as a sodium compound, in quantities 
of 0.5-1. 5 G. (8-20 grs.) per day. 

Oarniferrin is an iron compound of carniphosphorlc (phosphosarkinic) 
acid, which is obtained from beef extract. It contains 35 per cent, of iron, 
and seems to bear the same relation to the inorganie salts and to hsemo- 
globin as artificial ferratin, for while it reacts slowly to sulphide, it gives the 
hsematoxylon test. It has been highly recommended in chlorosis, as it does 
not irritate the stomach and is rapidly absorbed. It is given in doses of 
0.5 G. (8 grs.) three times a day in powder, and like ferratin, is soluble in 
alkaline solutions. 

The hsematogen of the yolk of egg, another organic iron of the same type 
as fernitin and carniferrin, is obtained in too small quantity to be available 
for therapeutic use, but seems to be absorbed readily. 
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' Other proteid compounds which have been advised are. formed from yolk 
of egg or from casein, by the addition of iron salts. 

Blood has been used in therapeutics by uncivilized peoples since time 
unknown, and has also been recommended in modern medicine in the 
treatment of chlorosis, in which it is administered by the mouth, and also 
hypodermically, though the latter method is difficult to carry out aseptically. 
JffsBmoglobin has also been advertised largely of late years in a more or less 
impure form. In the stomach, hsemoglobin, whether contained in blood or 
as crystals, is changed to hsematin ; Abderlialdeii found that both haemo- 
globin and haematin are absorbed and lead to an increase in the haemoglo- 
bin of the blood. Hsemol and Juemogallol are prepared from blood by agitat- 
ing it with zinc and with pyrogallol respectively, and have been strongly 
recommended by their discoverer, Kobert, and by some clinicians, but have 
been found by others of less value than the old inorganic salts. 

The '‘organic’^ iron preparations therefore seem to have little to recom-. 
mend them as superior to the inorganic,’^ except that ferratin and carni- 
ferrin are probably more rapidly absorbed, and are less liable to cause 
dyspepsia than many of the older salts. Where there is special difficulty in 
administering the more commonly used forms, these two may be substituted 
for them with advantage, but they seem to be unnecessary in ordinary cases. 
In regard to the other preparations mentioned, further and impartial inves- 
tigation is required before their place in therapeutics can be determined. 

BlBLTOanAPlIY. 

Meyer u* TO/wwns. Arch. f. exp. Path. u. Pharni., xiii., p. 70. 

Kobert Ibid., xvi., p. 361. 

Hamburger, Zts. f. pJiys. Cliem., ii., p. 191 ; iv., p. 248. 

Bunge, Ibid., ix., p. 49 ; xiii., p. 399 ; xvi., p. 173 ; xvii., p. 63. 

Hduaermmm, Ibid., xxiii.^ p. 655, 

BungCj Quincke, Cong. f. inn. Med., 1895, p. 133. 

Marf(yri, Arch. f. exp. Path. u. Pharm., xxix., p. 212. 

Schmitdeberg, Ibid., xxxiii., p. 101. 

Gottlieh, Ibid., xxvi., p. 139. Zts. f. phys. Chem., xv., p. 371. 

JaJcobj, Arch. f. exp. Path. u. Pharm., xxviii., p. 256. 

Soein. Zts. f. phys. Cheni., xv., p. 93. 

Molisch, Sitzungber. Wien. Akad., ciii., 1894, Abt. i., p. 554. 

KunkeL PfliigePs Arch., 1., p. 1 ; Ixi., p. 695. 

Stockman, Brit. Med. Journ., 1893, i., p. 881. Journ. of Phys., xviii., p. 484 ; xxi., 
,p. 55 (with Greig), 

MacaUum, Journ. of Phys., xvi., p. 268; xxii., p. 92, 

Weltering, Ztschr. f. phys. Chem., xxi., p. 186. 

Hall, Arch. f. Anat. u. Phys., 1894, p. 455; 1896, p. 49. 

Pohl, Arch. f. exp. Path. u. Pharm., xxv., p. 65. 

Gavk, Deutsch. med. Woch., xxii., pp. 289, 373 (1896). Zts. f. Biol,, xxxv.,p. 
377. 

Hochhausu, Quincke, Arch. f. exp. Path. u. Pharm., xxxvii., p. 159. 

Damaskin, Kurnberg^ Buschj Slender, Anmlm, Samejlojf. Arb. a. d. pharm. Instit. zu 
llorpat, vii., viii., ix. 

Vloetta, Arch. f. exp. Path. u. Pharm., xxxvii., p. 69 ; xxxviii., p. 161 ; xliv., 
p. 363. 

Hofmann, Virchow* s Arch., cli., p. 488. 

• FUippi, Zieglers Beitrage zur path. Anat., xvi., p. 462. 

Momer, Zts. f. phys. Chem., xviii., p. 13. 

Buzdyqan, Wien, fclin. Woch., 1897, p. 713. 

VoU. Zts, f. Biol., N. F., xi., p. 387 (1893). 

GUmeche, Arch. f. exp. Path. u. Pharm., xvii., p. 466. 

Baumann, Journ. of Phys., xxix., p. 18. 

Tartakowsky, Pfluger’s Arch., ci., p. 423. 

F. Noorden. Berl. klin. Woch., 1895, p, 181. 

Jffari, Arch. f. Verdauungskrank., iv., p. 160. 

AbderhaMen, Ztschr. f. Biologic, xxxix., jop. 113, 193, 487. 

Miiller, Virchow’s Arch., clxiv., p. 436, 



S70 THE HEAYT METAIA 

■ -IV.. LEAD.;'- 

Lead is used to some extent in therapeutics, but its chief interest 
from a medical point of view lies in the frequency with which it gives 
rise to chronic poisoning, and in the diversity of the symptoms pre- 
sented in that condition. ^ . 

Solutions of lead salts precipitate albumin, and the precipitate is 
more dense and heavy than that of mercury, and less soluble in excess 
of the salt. This precipitate is formed when lead solutions are applied 
to the mucous membranes, and protects them from the penetration of 
the metal, so that lead is one of the least corrosive, and one of the most 
astringent of the heavy metals. This absence of corrosion is only in 
part due to the character of the precipitate, for lead forms insoluble 
and therefore non-irritant salts with two of the most corrosive acids, 
hydrochloric and sulphuric acids. The soluble nitrate of lead is 
comparatively irritating because it is readily dissociated and also be- 
cause the nitric acid formed by its contact with proteid is itself corro- 
sive. The only soluble salts which are largely used are the acetates, 
and these are slowly dissociated and the acid is only slightly active, so 
that the astringent metallic ion alone comes into play. ^ 

Symptoms. — In ordinary therapeutic doses, the acetate of lead 
(sugar of lead) has a sweetish, metallic taste followed by a feeling of 
astringency, and induces no symptoms except constipation. The stools 
after lead are often said to be dark in^color from the sulphide formed 
in the intestine, but this does not seem to be the general rule. Prob- 
ably little lead is absorbed from an ordinary dose of the acefete ; at 
any rate no symptoms arise from the general action of the metal ab- 
sorbed. 

Lead acetate solutions applied to the skin have no effect, but mucous 
membranes, or exposed tissues, such as ulcers, are covered with a thin 
pellicle of albuminate, which serves to protect them from irritation, 
arid thus promotes their healing. 

When very large quantities of acetate are swallowed, particularly if 
in a concentrated form, they give rise to the ordinary symptoms of irri- 
tant poisoning, nausea, vomiting, pain in the abdomen, violent purg- 
ing or sometimes constipation, blood in the vomited matter and stools, 
great thirst, weakness, and collapse. In some instances in which the 
patients recovered from these symptoms, they subsequently suffered 
from chronic lead poisoning, but apart from these, nothing in the course 
of acute lead poisoning suggests the absorption of the metal, all tho 
symptoms being obviously due to the local effects on the stomach and 
bowel, and to the consequent collapse. In fact the effects of a sudden 
absorption of lead in man are unknown. 

In animals also, some difficulty has been met in inducing the symptoms 
due to the action of large quantities of lead in the tissues, because most 
forms of lead injected into the vessels precipitate the proteids of the blood 
and cause embolism, while, on the other hand, only local symptoms can 
induced by administration by the mouth. Harnack investigated this 
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; ^mt salts of lead-triethyl, in which the metal is not contained;, 
dissociable form, but which is decomposed iii the tissues and then gives 
rise to lead symptoms. In this way he hoped to be able to elucidate the 
symptoms of chronic lead poisoning, but his results have not been of much 
value for this purpose, although they are of some interest. In the frog he 
found that his compound produced general paralysis, which he ascribed to 
action on the muscles, but which Wyss later stated to be due to action on the 
central neiwous system. Harnack describes the muscles as being easily 
fatigued, and gives some further peculiarities induced by lead in them, but 
Wyss found in apparently equally satisfactory experiments that the muscles 
were practically unaffected at death. In the dog large doses of lead injected 
into a vein induced weakness and paralysis, violent diarrhoea, chorea-like 
movements, tremors, which often assume the appearance of true convulsions, 
and ataxia. The diarrhoea was attended by severe colic, and both of these 
symptoms were removed by atropine. It would therefore appear that the 
colic is here due to nervous influences, and not to the muscle of the intestine 

■ being immediately acted upon, for atropine paralyzes only the terminations 
of nerves. The diarrhoea Harnack found to be due to violent contrac- 
tions of the intestinal walls, which maintained a certain degree of contraction 
even when no peristaltic wave was passing. This action of lead upoin the 
intestine is of interest, because it bears a close relation to the colic observed 
in chronic lead poisoning in man, although here there is generally con- 
stipation, and also because it connects lead with the other heavy metals, 
all of which have more or less specific action on the intestine. The ataxia 
and other brain symptoms also have their counterpart in the brain symptoms 
of chronic poisoning in man. 

A single dose of a lead salt does not generally give rise to any symp- 
toms which would indicate the absorption of the metal, but the con- 
tinued ingestion of small quantities by way of the stomach, or by 
inhalation by the lungs, induces chronic poisoning, which can be ex- 
plained only by its absorption. There seems some reason to believe 
that lead is absorbed from the unbroken skin, though it is possible that 
some of the metal was carried to the mouth and swallowed with the 
food in the cases on which the statement is founded. Lead is appar- 
ently Absorbed more rapidly than most of the metals except mercury, 
and remains lodged in the tissues a long time, the excretion taking 
place only very slowly. It is found in most organs in cases of poison- 
ing, particularly in the liver and kidney. It is Excreted in the urine, 
the bile, the secretion of the intestinal epithelium, and in milk and 
saliva. It is still disputed whether it is eliminated by the skin glands, 
or whether the lead often seen on the skin in cases of poisoning is not 
simply deposited there as dust from the air. 

Chronic Lead Poisoning is the commonest of all forms of metallic 
poisoning, and at the same time one of the most insidious. It is al- 
ways accidental, and although it is most common in workers in lead, 
may occur in persons who are not apparently liable to come in contact 
with the metal. There is no question that some people are much more 
susceptible to lead than others. Anaemia and weakness from any cause 
are generally believed to predispose to the disease, women and children 
are more liable to it than men, and alcoholism and previous lead in- 
toxication increase the tendency to the attack. Kelapses are very 
common, and may occur years after the first symptoms, even although 



there has been no further exposure in the interval. Lead smelters^ 
workers in white lead factories, painters, plumbers, electricians, and 
typesetters are liable to lead poisoning from continually handling the 
metal j but other trades are not exempt from it, and sometimes the 
channels by which it gains entrance to the body are very obscure. 
Some of the more common causes of poisoning are lead waterr-pipes or 
cooking utensils, lead used to close tins of meat or fruit, and lead in 
hair dyes. Formerly a common source of poisoning was wine and 
cider to which lead had been added to reduce the acidity. A consider- 
able number of cases of poisoning have been recorded from the use of 
lead preparations as abortifacients. 

The symptoms of chronic lead poisoning vary greatly in different 
cases, sometimes only one or two organs being attacked, in others the 
whole economy appearing involved in the disorder. The symptoms 
may be divided into groups for convenience, but it is to be noted that 
many of these appear to be closely inter-connected, and that in many 
cases it is impossible to decide whether a set of symptoms is due to 
direct action upon a single organ, or to the simultaneous disease of 
several. 

The Mouth, Stomach and Digestion very often give early indications 
of lead poisoning. The patient complains of loss of appetite, nausea, 
constipation, wasting, a metallic taste and foetid breath, and a blue- 
black line is seen along the margin of the teeth where they enter the 
gums. This load line ’^is due to thq, precipitation of lead sulphide 
by the hydrogen sulphide produced by the action of bacteria, and it is 
often absent, especially where the teeth are not carious and afe kept 
clean. The metallic taste seems due to the excretion of lead in the 
saliva, and the loss of appetite may arise from the same cause. These 
symptoms may be produced in animals also. Virchow and Maier 
found in one case in man the gastric epithelium in a state of fatty de- 
generation, and proliferation of the connective tissue of the mucous 
membrane. 

Another early symptom is Anaemia, which may be due in part to the 
malnutrition, but is attributed mainly to an abnormal destruction of 
the red cells of tlie blood ; the white corpuscles are increased in many 
cases but not in all. It is often accompanied by jaundice, with the 
highly pigmented urine and other symptoms which usually follow the 
liberation of large quantities of haemoglobin from the breaking up of 
red cells. It is stated that the red blood-cells often contain granules 
staining with basophile dyes and indicating incomplete disappearance 
of the nucleus ; this change may present itself before any other symp- 
tom. The anaemia is often very marked, and is sometimes the chief or 
only symptom of lead poisoning ; according to some authorities, it is 
present in a greater or less degree in the majority of white-lead work- 
ers, and it leads to weakness, languor, and in young women often to 
atnenorrhoea. Abortion is very often met with in lead poisoning, and 
in women employed in lead works who do not show any marked symp- 
torns of disease. The children of parents suffering from lead are often 
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weak and undersized, and a very large proportion of them die in early 
infancy. 

One of the commonest symptoms is Lead Colic, painters^ colic, colica 
saturnina of colica Pictonum. This generally sets in suddenly, and is 
accompanied in most cases by obstinate constipation, in a very small 
proportion by diarrhoea. Paroxysms of the most acute agony are fol- 
lowed by intervals of comparative freedom from pain, but in these in- 
tervals some tenderness of the abdomen may be complained of, while 
during the attack pressure generally relieves the pain. The colic lasts 
for several days, or a week, and then disappears, but is liable to return 
at intervals. The abdomen is generally hollow, retracted and hard, 
and during the acute spasms the patient often gains some relief by lying 
on his face with the lists pressed against the umbilical region, to which 
the pain is usually referred. Vomiting is frequently present, the pulse 
is slow and very hard, especially during the acute crises, while the 
respiration may be accelerated. The urine is scanty, and, according 
to Stokvis and Nakorai, contains hsBmatoporphyrin, 

The cause of lead colic is evidently spasm of the intestine, which is 
generally attributed to action on the nervous ganglia of the walls. It 
can be induced in animals, and according to Harnack, is relieved by 
atropine, which would support the belief that it Is of nervous origin. 
The blood-pressure is raised in man, not only during the spasms, but 
also in the intervals. This contraction of the vessels and the slowing 
of the pulse is often said to b» reflex from the pain, but this seems to 
be disproved by the fact that it remains during the intervals. Some 
writeiS have, therefore, regarded the colic and its attendant symptoms 
as due to a vascular spasm, and have supported this by showing that 
nitrite of amyl, which dilates the vessels, also relieves the colic. 

On the whole, the colic appears to be of nervous origin, but whether 
the focus of disease lies in the wall of the intestine, in the nerves 
leading to it, or in the central nervous system, it is impossible to de- 
termine at present. 

Another common result of chronic lead poisoning is Paralysis, lead 
or painters^ paralysis saturnina, which is almost invariably 

limited to certain groups of muscles, the extensors of the forearm. 
It is bilateral in the great majority of cases, but sometimes involves 
only one arm. The aflection generally begins in the middle and ring 
fingers, which cannot be extended, then spreads to the index and little 
finger, and afterwards to the thumb and wrist. The fingers remain 
flexed and later the wrist is similarly affected, so that the condition is 
often knowii as wrist-drop. Even after all the other muscles of the ex- 
tensor surface of the forearm are involved, the supinator longus remains 
normal as a general rule. The muscles affected atrophy rapidly, and 
in old cases contracture of the flexor muscles sets in, when the limb 
becomes immovable and has a characteristic claw-like appearance. 
More rarely other regions are affected, such as the laryngeal muscles (in 
the horse), the external rectus of the eye, or the muscles of tlie leg. In 
rabbits and guinea-pigs several observers have succeeded in inducing 

.43 . 
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paralysis of the hind limbsj, and the legs are said to bo affected very 
often in young children. When paralysis is complete, the mduced 
electric curreot fails to cause contraction, whether it is applied to the 
muscle or to the nerve, but the galvanic shock induces an abnormally 
strong contraction when it is passed through the muscle, the hiake 
shock having more effect than the break ; the contraction is more pro- 
longed, the relaxation slower than ih normal muscles. This reaction 
of degeneration is said to occur in the other muscles in lead poisoning, 
even when no paralysis can be detected in them. The cause of lead 
palsy is still undecided, for while in some cases there is undoubtedly a 
peripheral neuritis and nerve degeneration, and no anatomical lesion 
of the spinal cord, yet in others very distinct degeneration of the cord, 
particularly pf the cells of the anterior horn, has been ol>servcd. Al- 
though the majority of pathologists at the present time are of the 
opinion that the lesion is a peripheral neuritis, and that the degenera- 
tion of the cord is either a consequence of this, or is perhaps an en- 
tirely independent lesion, some authorities hold that the focus of dis- 
ease is situated in the cord, and that the neuritis is merely an extension 
of the process. They explain the absence of visible changes of the 
cord in some cases by supposing that the function of the ceil is" de- 
stroyed by the poison, without actual anatomical lesion. A third view 
which was held formerly, but has been abandoned except by a very 
/ew, is that the original lesion is in the muscles. Peripheral neuritis 
has been elicited repeatedly in animals‘;^ 

Local AnsBSthesia is also observed occasionally, though much more 
rarely than paralysis. It is generally sudden in its onset, but may be 
preened by numbness or tickling of the skin, and generally lasts only 
one or two weeks, when sensation returns again to the part. 

Lead Arthralgia is more commonly observed, perhaps because it is 
so much more evident. It consists in sharp lancinating or boring 
pains in the joints, bones, or the flexoi' muscles around the joints, the 
intensity of the pain being comparable only to that of lead colic. It 
sets in suddenly, usually in the night, and generally disappears as sud- 
denly. This symptom is not in any way dependent on the gout which 
is often induced by lead poisoning, and its explanation, like that of 
the anaesthesia, is quite unknown. 

Lead Amblyopia, or blindness, is one of the rarer affections. The 
sight may be lost completely, or may only be dim, and the onset may 
be sudden or gradual. In some cases the ophthalmoscope gives no 
clue, to the cause of the blindness, in others an acute papillitis is made 
out. Stood ascribes the amblyopia to several causes, which may each 
give rise to it separately or may act together. The first of these is 
a neuritis of the optic nerve in the eye, which gives distinct ophthal- 
moscopic appearances. In the second the neuritis may be descend- 
ing or retrobulbar, and may induce little visible change, while the 
third caiuse of blindness may be urssmia with an effusion into the optic 
sheath, and a fourth is albuminuric retinitis, these two last forms 
' being due hot to a direct action on the lierve, but to the nephritis in- 



cluced by the poison. The sudden cases o/ lilindness are probably due 
to iirsBmia/and the prognosis in all forms depends on the duration of 
the neuritis, and, in the ca^e of albuminuria, on the extent to which the 
kidney is involved. In early cases of neuritis, the disease can gener- 
ally be arrested and even complete restitutmn may take place, but if it 
be neglected, optic atrophy follo^vs. 

Under saturnine Encephalopathia, a number of disorders of the brain 
are classed together. They are comparatively rare at the present time, 
and their onset generally indicates long standing . and neglected lead 
intoxication, although in some cases the patient has been shown to be 
exposed to the poison for only a short period. An attempt has been 
made to divide the symptoms of encephalopathia saturnina into four 
groups, but as the author himself remarks, one of the most character- 
istic features is the rapidity with which the disease changes from one 
type to another, and the diversity of the symptoms present at one 
time. These cerebral symptoms sometimes appear suddenly, while in 
other cases they are heralded by violent headache, giddiness and sleep- 
lessness, or by amblyopia, deafness, great depression, stupor, weakness, 
and tremor. Later, sudden mania and delirium, with convulsions re- 
sembling chorea or epilepsy, hallucinations and illusions indistinguish- 
able from those of alcoholic delirium, sudden apoplectic paralysis, 
ataxia, partial analgesia, hyperfi0sthesia> or coma may occur separately 
or in succession. Oliver states that the encephalopathic symptoms are 
especially liable to occur in persons addicted to alcohol. 

In ^nimals cerebral symptoms are readily induced by lead, cither 
by intravenous injection (Harnack), or by chronic poisoning with the 
ordinary salts. Chorea, tremors and general convulsions have been 
caused in this way in dogs. 

The encephalopathia is obviously of cerebral origin for the most 
part, although the lower divisions of the central nervous system are 
also involved in many cases. In several autopsies of patients dying 
from lead poisoning, atrophy of parts of the cerebrum, or hsamorrhages 
have been found, and very frequently disease of the brain vessels — 
periarteritis, endoarteritis, atheroma or hyaline degeneration — has 
been met with. . In other cases of undoubted encephalopathia in man, 
no such lesions have been observed, and in animals poisoned by Har- 
nack^s method they are certainly not present. Many of the symptonis 
are obviously not due to these gross lesions, for the suddenness of their 
onset and of the recovery precludes any such explanation, and show 
that lead has also a direct action on the brain cells. Lugaro and 
Schaffer have described some alterations in the chromatin and the 
dendrites of the nerve cells, which they suppose indicate this direct 
affection ; McCarthy found marked changes in the capillaries of the 
cerebral cortex in a dog which was subjected to the action of lead for 
two months and which presented symptoms of cerebral disorder similar 
to those met with in chronic poisoning in man. 

It must be noted that in addition to these generally recognized symp- 
toms of encephalopathia saturnina, several obscure chronic nervous 
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diseases have been ascribed, by Putnam and others to lead intoxication, 
and it is certainly possible that its action may prove to be even more 
wide-reaching and insidious than is generally recognized at present, but 
it does not seem profitable to enter upon further details in the present 
state of the subject. 

Another organ acted on by lead, especially in prolonged poisoning, 
is the Kidney, which is often found to present a typical red granular 
nephritis. During life the urine presents the ordinary appearances of 
this disease, being copious in amount and of low specific gravity, and 
containing comparatively small quantities of albumin or casts. In 
some oases in man, the kidney has presented a mixture of parenchyma^ 
tons and interstitial disease, while in animals the parenchyma alone is 
affected, perhaps because the experiments have not lasted long enough. 
The disease of the kidney from lead poisoning, as from othet sources, 
may cause dropsy, uraemia and amblyopia, but it Is to be noted that 
the brain and eye may be affected in cases in which there is no 
nephritis. 

Gout is very common in lead poisoning, which evidently predisposes 
to this disease, if it does not actually cause it, for Garrod states that in 
one-fourth of the cases of gout treated by him there was a history of 
lead poisoning. It occurs only after prolonged exposure to the metai^ 
and differs from ordinary gout in the rapidity with which , it spreads 
from one joint to another, as well as in some other features (Luethje).. 
Thus gout is seen without nephritis an8 vice versa^ the two affections 
being quite independent of each other. The uric acid of the urine is 
not increased, while that of the blood is said to be abnormalfy high. 
In districts where ordinary gout is rare, lead poisoning seldom leads 
to it, but where ordinary gout is met with, it is a fairly common com- 
plication of saturninism. 

Another condition in which lead poisoning may act as a predisposing 
factor is Arteriosclerosis ; the malnutrition, ansemia, and retial changes 
induced by the metal would in themselves tend to induce changes in 
the vessels throughout the body, and degeneration of their walls is met 
with in a considerable proportion of cases of very prolonged exposure 
to it. 

Lead poisoning runs no definite course. As a general rule the 
anaemia, wasting, constipation and weakness appear early, and then 
colic may follow, or paralysis, or arthralgia. Nephritis, encephalopa- 
thia, anaesthesia and gout are rarer, and as a rule only occur in very 
prolonged poisoning. Any one of these symptoms may be present 
alone, and the diagnosis is then very difficult. In doubtful cases the 
urine ought to be examined after the administration of iodide, or the 
stools may be tested for lead. Every case in which lead is found in 
the urine is not necessarily one of lead intoxication, however, for it 
has been detected in a number of perfectly healthy individuals. 

It is impossible at present to give any general explanation for the 
diversity of the forms of chronic lead poisoning. The central nervous 
; system is certainly acted pn, both in its higher and lower divisions, 
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but it is still disputed ho\V far the paralysis, arthralgia and ansBSthesia 
are symptoms of central action, and how far they are due to peripheral 
rieuritis. All of the symptoms, however, except those from the mouth, 
stomach and kidney, and the anaemia and gout seem to be due to affec- 
tions of either the central or peripheral nervous system. The lead 
line, metallic taste and nausea, and perhaps the constipation, would 
seem to be connected with the excretion of the metal along the ali- 
mentary canal, while the renal action is probably of the same nature 
as that inducing periarteritis in the brain and, as is alleged, in the 
lungs under some conditions. The anaemia indicates an action on the 
red cells of the blood, and the gout some disturbance of the general 
nutrition. Attempts have been made to elucidate the nature of this 
action or metabolism by estimating the urea and other constituents of 
the urine, but no important light has been thrown on it by this means, 
nor in fact are significant results to be hoped for in a disease which 
offers so many and so diverse types as lead poisoning. 

Lead acts upon so many tissues that it might be expected to have 
some distinctive action upon the simpler organisms, but, as a matter of 
fact, it seeins less poisonous to them than most other heavy metals. 


Pkeparations. 

Plumbi Aoetl'AS (U. S. P., B. P.), lead acetate, sugar of lead (Pb(C 2 H 302 ), 
+ SHjO), forms colorless crystals, with a sweetish, astringent, afterwards 
metallic taste, very soluble in w&ter, less so in alcohol. 0.05-0.3 G. (1-5 
grs.), 

Ungmntum Plumbi Acetatis (B. P.), 4 per cent. 

Suppositoria Plumbi Compoaita (B. P.) ; each contains 3 grs. of lead acetate 
and 1 gr. of opium, 

Pihj^ Plumbi cum Opio (B. P.) contains about 12 J per cent, of opium. 
2-4 grs. 

Liquor Plumbi Subacetatis (U. S. P.), Liquor Plumbi Subacetatia Fortia (B. P.)^ 
Goulard^ s extract, an aqueous solution containing about 25 per cent, of lead 

to the air, the 
are alkaline in 

Liquor Plumbi Subaceiatia Dilutua (U. S. P., B. P.), lead water, Goulard^s 
lotion or water, a solution containing about 7.5 parts (3 parts B. P.) of the 
subacetate in 1,000 parts of water. 

Glyeerinum Plumbi Subaceiaiia (B. P.). 

Unguentum Glycerini Plumbi Subaceiaiia (B, P. ). 

Ceratum Plumbi Acetaiia (U. S. P.), Goulard^s cerate. 

Plumbi Carbonas (B. P.), white lead ((PbC 03 ) 2 Pb( 0 H)j). 

Unguefudum Plumbi Carbonaiia (B, P.). 

Plumbi lodidum (U. S. P. , B. P. ) (Pbl j). 

Emplastrum. Plumbi lodidi (B. P.). 

Unguentum Plumbi lodidi (B. P. ). 

Plumbi Oxidum (U. S. P., B. P.), litharge (PbO). 

Plumbi Nitraa (U. S. P.) (Pb(N 03 ) 2 ). 

Lead plaster or diachylon plaster, Emplaairum Plumbi^ is formed from the 
oxide but is mentioned elsewhere. (See Part VI.) 

Therapeutic Uses. — Lead is used in therapeutics only for its astrin- 
gent action, The jicetate is prescribed internally in diarrhoea, gener- 


subacetate (approximately Pb(C 2 H 302 ) 2 Pb 0 ). When exposed 
insoluble lead carbonate is formed. The subacetate solutions 
reaction. 



: ^iy along with opium, and always in pill form, as the solution would 
act on the stomach and have less effect on the bowel. It has been 
tried in dysentery and cholera, but has proved of little value. Lead 
has also been advised in cases of haemorrhage from the lungs, kidneys 
and uterus, but is quite valueless here, as it acts as a styptic only when 
applied locally. Still less reason is there for its use in nephritis, cys- 
titis and similar conditions. 

Externally, a solution of the acetate or the dilute solution of the 
subacetate is used as an astringent lotion in burns and as an injection 
in gonorrhoea. White lead has been advised as a dusting powder in 
■burns and skin affections, but is not superior in any way to other 
similar preparations, and is liable to be absorbed. Nitrate of lead has 
a reputation in the treatment of onychia. 

Lead ought not to be employed externally or internally except for 
a short time as otherwise symptoms of poisoning may arise. 

Poisoning. — In acute lead poisoning, the indications are its removail 
from the stomach by washing, , and its precipita.tion, which may be 
best accomplished by solutions of the sulphates such as of magnesium 
sulphate. In the absence of the sulphates, white of egg or milk is 
given to form the insoluble albuminate. 

In chronic poisoning, the general treatment is the removal of the 
patient from the danger of further poisoning, the administration of 
iodide of potassium, and nutritious, strengthening diet. The iodide of 
potassium has been said to accelerate th% elimination of lead by the 
kidneys, but according to Lehmann^s experiments is not superior to 
the bromide or the chloride of potassium, and it has been recently denied 
that it has any effect on the excretion by the urine or by the intestine 
by which most of the lead escapes from the body. In practice, how- 
ever, the iodide is always used. Diuretics may be prescribed, and 
hot baths ; sulphur baths are especially recommended, and massage is 
said to hasten the elimination of the poison. i 

In colic, morphine or opium is often necessary to allay the pain. 
Belladonna or atropine is used less frequently, and nitrite of amyl is 
said to be efficient for a short time. In the intervals between the 
paroxysms, a saline cathartic is often necessary to relieve the constipa- 
tion, or if the vomiting prevents this, a large enema may be thrown 
into the bowel. 

In arthralgia, the pain may necessitate the giving of opiates. In 
anmsthesia and encephalopathia, the treatment is expectant and symp- 
tomatic; for instance, in mania, or violent delirium, chloral may be" 
necessary. 

In paralysis, strychnine may be used along with the general treat- 
ment, but the chief reliance is to be placed on the electrical stimula- 
tion of the paralyzed muscles, first with the galvanic current, and, as 
-recovery sets in, with the induction coil. Massage of the muscles is 
also of benefit. 

and gout due to lead poisoning are to be treated in the 
^j^me 2iB those arising from other causes, 
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In le^d works and paint factories, much may be done to prevent lead 
poisoning, ^ Dust is to be avoided as much as possible, and whe^ this 
is necessarily present, the rooms ought to be thoroughly ventilated* 
The necessity of frequent bathing and of thorough washing before 
meals ought to be impressed on the workmen, and no food is to be 
admitted to the works. A lemonade made with sulphuric acid is ofteu 
as a prophylactic measure with the object of changing 
the lead to the insoluble sulphate and thus rendering it less readily 
absorbed. Poisoning may, however, be induced by lead sulphate, 
though less often than by the carbonate, which is dissolved by water 
in the presence of free carbonic acid, and which is changed to the 
slightly soluble chloride in the stomach. 

When symptoms of poisoning have appeared, the patient ought not 
to be allowed to work again, or at least only after a long interval. 
Weak and anaemic men ought not to be admitted as workmen, and 
women are not to be employed in lead works more than can be 
avoided. 
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V. COPPER. 

Copper seldom gives rise to poisoning, and is much less frequently 
used in medicine than many of the other heavy metals. The soluble 
salts precipitate proteids from solution, and are therefore astringent 
when applied to the mucous membranes and to wounded surfaces. In 
larger quantities they are somewhat irritant and corrosive, although 
much less so than mercury. 

Symptoms. — The copper salts have a harsh, metallic, astringent 
taste, and when swallowed in some quantity cause nausea, salivation 
and vomiting. The most of the salt is thus removed, and no further 
symptoms are observed. Large quantities, however, induce corrosion 
of the walls of the stomach and intestine, and give rise to violent vom- 
iting and purging, the copper giving a blue or green color to the vom- 
ited matter and the stools, and blood appearing in them later from the 
corrosion of the mucous membrane. Violent pain in the abdomen is 
complained of, and the usual symptoms of acute corrosive poisoning 
may follow — collapse, with weak pulse and respiration, headache, 
giddiness, unconsciousness, delirium, coma, convulsions and paralysis. 
These may prove fatal in a few hours, but more frequently the patient 
lives for several days to eventually sink from exhaustion. 

The nausea, vomiting and purging of acute copper poisoning are due to the 
local effect on the mucous membranes of the stomach and intestine. In fact, 
although some copper is absorbed in these qases, there is no reason to sup« 
pose that any of the acute symptoms are due to it, for they are all induced 
by other poisons which act only as gastro-intestinal irritants. , 

It is still disputed whether chronic copper poisoning occurs in man. The 
question is of great hygienic interest, because copper is used very often to 
give color to preserved vegetables, such as peas, is added to flour to improve 
the bread, and may enter into the food from the use of copper cooking ves- 
sels, and in a variety of other ways. In copper and brass workers, gastro- 
intestinal catarrh, or colic and diarrhcea, occur occasionally and are ascribed 
to the copper swallowed in the course of their occupation. The dust inhaled 
may similarly cause laryngeal irritation and bronchitis. The skin and hair 
have often a greenish tint, and a green line on the teeth, just where they 
enter the gums, is known as the copper line ; but it is believed that these are 
due largely to the copper dust deposited on the skin, hair and teeth, and not 
to the excretion of the metal. Local paralysis, ansemia, tremor, emaciation 
and cutaneous eruptions are said to have followed these symptoms in some 
cases, and have been held to indicate that copper is poisonous after absorp- 
tion, but it may fairly be doubted whether these symptoms are really due to 
the copper or to the lead, arsenic and other poisons often associated with it. 
It is certain that only a very small proportion of workers suffer from any 
symptoms whatever, and that the great majority enjoy excellent health. 
Furthermore, copper has been taken in the form of the metal, or of its soluble 
salts for prolonged periods without any symptoms being elicited except those 
of slight intestinal catarrh and some nausea. Animals have been fed with 
food containing large doses of copper for many months, apparently without 
any symptoms of poisoning, and copper is found so regularly in the tissues 
of man and animals that it may be regarded as a normal constituent, although 
its function is altogether unknown and it may be merely stored up on its way 
to excretion. Of course it is possible that there exists in certain persons an 
idiosyncrasy for copper, and that these suffer from the ingestion of quantities 
(winch are harmless in others. But until the symptoms have been more def- 
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initely determined^ and have been shown not to arise from the other poisons 
associated with copper, it is impossible to consider this form of intoxication 
as satisfactorily established, and there is no reason to suppose that poisoning 
can be induced by small quantities of copper such as are contained in pre- 
served vegetables or in food cooked in copper vessels. 

In animals the general action may be elicited by the injection of copper 
into the blood or subcutaneously. The ordinary salts are inadmissible by 
the former method, as they precipitate the proteids of the blood and cause 
embolism, and double salts, such as the tartrate of copper and sodium, or 
proteid compounds, such as the albuminate dissolved by means of alkalies, 
have therefore been used. A special form of proteid combination has been 
formed in the same way as artificial ferratin, and is found to act more slowly 
than ordinary salts. In the frog, copper induces great weakness and event- 
ually complete paralysis of the spontaneous movements and of the heart. 
Harnack attributed this to direct action on the muscle, but later observers 
have found that the central nervous system is primarily affected, and that the 
muscles retain their irritability after complete paralysis of the spinal cord. 
There is, however, a direct action on the muscles also, for they lose their 
irritability very soon after death, and even before the spontaneous move- 
ments have ceased, the contraction of the muscles on direct stimulation being 
much weaker than usual. Very often fibrillary contractions are observed 
early in the frog, but it is unknown whether these are of central or of peri- 
pheral origin. The heart is somewhat accelerated at first by veiy small 
. quantities, but later becomes slow and weak, and finally ceases in diastole 
before the skeletal muscles are paralyzed ; the changes in the heart are due 
to direct action on the muscle. 

In mammals the intravenous injection of copper does not cause vomiting, 
according to most authors, thus proving that the emetic action is due to the 
irritation of the stomach, and not to any action on the medulla. When 
large quantities are injected, the locomotion soon becomes slow, clumsy and 
weak, find later, complete paralysis of the spontaneous movements follows. 
The heart and respiration seem equally involved, but the respiration ceases 
somewhat earlier than the heart. The blood-pre.ssure rises slightly after the 
intravenous injection of copper, but afterwards falls, partly on account of 
the weakness of the heart, and partly from failure of the vaso motor nerves 
to maintain tlfe contraction of the blood vessels. When an animal survives 
longer, violent, sometimes bloody, diarrhoea is generally induced by copper, 
as by most of the other heavy metals. The animals lose flesh rapidly, and 
refuse food, and the urine often contains albumin, and according to some 
authors, haemoglobin and blood. In the rabbit some icterus and anaemia is 
said to occur from the destruction of the red blood cells, and fatty degen- 
eration of the liver, kidney, and heart have been observed. Others have 
found ecchymoses and congestion along the intestine and in the kidney to 
be the chief lesions. Similar results are obtained in rabbits when copper is 
given by the mouth, as this animal is incapable of rejecting the poison by 
vomiting. In the dog, on the other hand, poisonous doses seem to be re- 
moved by vomiting when they are given by the mouth ; it is possible, how- 
ever, that animals may show symptoms of poisoning from the prolonged ad- 
ministration by the mouth of quantities just too small to cause vomiting. 

Copper is certainly absorbed from the stomach and intestine, for 
large quantities have been found in animals fed on it for some time* 
Baum and Seeliger state that a very large proportion of the poison is 
absorbed when small doses are given, but the proportion lessens as the 
dose is increased. It also passes into the blood from other mucous 
surfaces and from wounds. It is said to have a strong affinity for 
b^moglobin^ and to forni with it a compound which Robert has named 
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cuprohfiemol, and which is stated to he formed very riapidly when 
copper is injected into the blood, the metal leaving the serum ;^d 
attaching itself to the corpuscles at once. The copper absorbed from 
the intestine and stomach is lodged chiefly in the liver, less in the 
^spleen, kidney and thyroid. It is excreted in the bile, urine and sa-v 
liva, in the intestinal secretions, and in traces in the milk, and is said 
to pass from the mother to the foetus in utero. Copper is found in 
smsdl quantities in these organs and secretions in man and in animals 
* that have not been treated with it, but in much larger amount after 
prolonged administration. Taken by the mouth, it fails to cause gen- 
eral poisoning, because it is slowly absorbed, and also because what is 
absorbed is withdrawn from the blood by the liver. 

Copper is found as a normal constituent of the blood in many of the in- 
vertebrates, in which it performs the same function as the iron bf the haemo- 
globin in the vertebrates. It has been detected in one of the pigments of 
birds* feathers, and, as has been stated, is so frequently foimd in the tissues 
of mammals, both wild and domesticated, that it may be regarded as a nor- 
mal constituent. Oysters and other animals take it up in large quantities 
when they live in water rich in copper, and apparently are not injured by it. 
Many of the higher plants, notably the grapevine, are said to be remark- 
ably improved by the sprinkling of copper on their leaves, and this is not , 
only from the destruction of parasites, for vines free from any disease show 
a more luxuriant foliage, and bear more and larger fruit than other healthy , 
plants, which are not treated with it. On the other hand, copper is a deadly 
poison to several of the low’er plants. Thus traces of copper added to the 
water in which they live, destroy some of«the simpler algae, and Naegeli, 
asserts that one part of copper in one thousand million parts of water is 
suiflcient to kill these plants. The parasites of the grape vine, potato, apple, 
and other plants are destroyed by spraying the plants with copper, and 
yeast ceases growing in a 0.02 per cent, solution, while penici Ilium seems to 
be almost immune to its action. Locke found that the traces of copper 
. contained in water distilled in copper vessels was^ sufficient to destroy 
tubifex (one of the annelid worms) and tadpoles, while Bucholtz states that 
the development of bacteria is stopped by a solution of copper sulphate 
under one per cent, in strength. Copper thus seems to have a very power- 
ful poisonous action on certain living forms and to be harmless to others, 
and the subject deserves further investigation. It is possible that' it may 
prove to act prejudicially to some human parasites, and it is certainly less 
dangerous to man than many other remedies used as parasiticides and disin- 
fectants. 

• Preparations. 

Oupri Sulphas (U, S. P., B. P.) (CuSO^ + bH^O), large, transparent, deep 
blue crystals, without odor, but with a nauseous, metallic taste, soluble in 
water, scarcely so in alcohol. Dose, as an astringent, 0.015-0.1 G. (J-2 grs.); 
as an emetic, 0.8-0. 6 G. (5-10 grs.). * 

Therapeutic Uses. — Copper sulphate is used internally only as an 
emetiC; and for this purpose ought to be given in about one per cent, 
solution. It acts promptly, and does not leave so much depression 
and nausea as other metallic emetics, and for this reason is unsuitable 
as an expectorant. In phosphorus poisoning it is especially valua- 
ble/ as in addition to causing evacuation of the stomach, the metal is 
on the particles of phosphorus and prevents their absorption, 
copper sulphate is used as an astringent injection in 
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trotibrrBcw, and ooc?ision^ a lotion in ulcerS: and wounds ; for this ; 
put^se it is employed in one per cent, solution. The solid cryst^; ; 
are sometimes used to touch exuberant granulations for their astnn- ’ 
gent and qorrosive effect. j v 

Small quantities of copper sulphate have recently been used to destroy 
the algse which grow in reservoirs and often give the water a dkagree- : , 
able odor and taste. The proportion of copper required for this pur- 
po^ is about one part in a million or sometimes in fifty mmons ; 
this treatment does not render the water deleterious to man, for much 
larger quantities of copper have been taken constantly without injury. 
The simgestion has also been made to disinfect water contaminated, 
with typhoid bacilli, and some success has been recorded ; the propor- 
tion of copper required for this purpose appears to be greater than that 
necessary to destroy the less resistant algse. 

The chloride of copper is a much more irritant and antiseptic 
than the sulphate. The albuminate of copper, cupratin, which « fomed 
from the albuminate by heating with alkalies, and 
tion of copper and haemoglobin, have been 

preparations suitable for internal use, but no condition is known at present 

in which the general action of copper 18 of beneht. 

In cases of Poisoning with copper salts, the stomach generally rejects the 
metofbf vondMng, and no emetic is required. Non-corrosive compounds 
mav be formed bv giving milk, egg, or other forms of albumin, tuumo aoid, 
Sni i ^leK^ide of potisium. Morphine may be required for the 
pain, ice to stop the vomiting. • 
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VI. ZINC. 

The effects of zinc resemble those of copper so closely that they n^d 
only brief mention. Like copper, the soluble ^Its form insoluble dbu- 
• miuates and therefore possess an astringent action, or in large quantities 
act as irritants and corrosives. The sulphate is the soluble salt most 
commonly used in medicine, but tlie chloride has frequently given nse 
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to corrosive poisoning, and is therefore of greater importance than 
the chloride of copper. The sulphate is much less irritant and more 
astringent than the chloride, which is used only as a caustic and dis- 
infectant. 

Symptoms. ^ The sulphate of zinc has a harsh, metallic taste, and in 
small doses causes nausea and vomiting, in larger quantities violent 
vomiting and purging, pain in the abdomen and collapse; these 
symptoms are due to the local action on the stomach and intestine. 
The insoluble zinc oxide and carbonate are less liable to cause acute 
irritation than the sulphate, but their prolonged ingestion has given 
rise to dyspepsia and constipation or diarrhoea in some cases. The 
continued administration of zinc salts has no effects in man, except 
those of disordered digestion and constipation, and Lehmann could 
detect no effects in the dog, after the administration of 155 G. of the 
carbonate in the course of 335 days, although a considerable amount 
of the metal had been absorbed. 

In workers in zinc, a curious condition known as brassfounders^ 
ague, is occasionally met with. It is ushered in by a sense of general 
discomfort and weakness, with more or less pain in different parts of 
the body ; later prolonged rigors and shivering are followed by a rapid 
acceleration of the pulse, coughing and soreness of the chest, and head- 
ache. These symptoms give place to profuse perspiration, and the 
patient sinks into a sleep from which he awakes in ordinary health. 
The attacks may return frequently, and seem to be due to the fumes 
of zinc which escape in the process of casting. A number of obscure 
nervous conditions have also been described as arising from zinc in 
workmen in brass factories and bronze works, but they seem to be ex- 
tremely rare, and it is questionable whether they are really due to the 
zinc or to its impurities, such as arsenic and lead. 

Action. — The general action of zinc can therefore be observed only when 
it is injected intravenously, or hypodermically. For this purpose, the 
double salts alone can be used, as the ordinary salts precipitate the proteids 
of the blood when injected into a vein, and cause acute irritation when ap- 
plied subcutaneously. In the frog, zinc is found to cause weakness and 
lessened reflex excitability, and the heart becomes weak and inefficient, ir- 
regular and slow, and eventually ceases in diastole. The action seems to be 
exercised chiefly on the central nervous system and the heart, although the 
voluntary muscles respond more weakly to the electric current in life, and 
lose their irritability entirely soon after death. Meihuizen inferred from his 
experiments that the zinc salts reduce the reflex irritability markedly in 
the frog, but ho used an irritant salt and this invalidates his results. 

In mammals the intravenous injection of zinc causes vomiting and diar- 
rhosa, weakness, tremor, and paralysis of the extremities ; and the stomach, 
intestine and heart contain small haemorrhages. The blood-pressure seems 
to be but little affected, until just before death, but the pulse is slowed. 
Helpup found that the subcutaneous injection of zinc salts induced conges- 
tion and parenchymatous inflammation of the kidney. 

Zinc seems therefore to depress the central nervous system, and to a less 
extent the heart and voluntary muscles, and to cause irritation and conges- 
tion of the mucous membrane of the stomach and intestine, and inflamma- 
tion of the kidney. The fact that vomiting occurs from the intravenous in- 
■ jectiou of zinc salts might seem to indicate that it acts directly on tl^e 
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mediillaiy centre for vomiting, but may more probably be explained by the 
metal inducing inflammation in the stomach. These effects occur, how-n 
ever, only when the metal is administered by way of the blood vessels or 
subcutaneously. 

Zinc has, according to Grahe and Kobert, a special affinity for the haemo- 
globin, with which it forms a compound (zinc-hmmol), but its administration 
has no effect on the formation of haemoglobin. 

Lehmann found that of the zinc absorbed from the stomach and intestine, 
most is contained in the liver and bile, less in the spleen, kidney, thyroid and 
pancreas, and very little in the other tissues. Zinc is excreted by the stom- 
ach and intestinal walls, and in much smaller amounts in the bile and urine. 

Locke found zinc to possess a poisonous action on the tadpole and tubifex 
when present in traces in the water in which they lived, but this effect was 
weaker than that of copper. Richter states that zinc is less poisonous to 
fungi than copper, and very weak solutions seem to promote their growth. 
The zinc salts seem to be in general much weaker than those of copper, which 
they resemble closely in other respects. 

Preparations. 

Zmcum (U. S. P.), metallic zinc, is used only to form the other prepara- 
tions and as a reagent. 

ZiNOi . Sulphas (IT. S. P., B. P.) (ZnSO. -f TH^O), colorless, transparent, 
odorless crystals, with a harsh, astringent, metallic taste, soluble in water, 
not in alcohol. 0.5—2 G. (8-30 grs.), as emetic ; 0.05-0.2 G. (1—3 grs.), in 
epilepsy. 

Zind Oxidum (XJ. S. P., B. P.) (ZnO), an amorphous white powder with- 
out odor or taste, insoluble in water. 0.1-0. 5 G. (2-8 grs.). 

Zinci Oarboncts Prsecipitaiusji^ » S. P.), Zinci Carbonas (B. P.), a prepara- 
tion varying somewhat in composition, but always containing some oxide, 
which it resembles in appearance and solubility. 0.1-0. 5 G. (2-8 grs.). 

Unguentum Zinci Oxidi (U. S. P.), 1 part to 4 of benzoin ated lard, 

Unguentum Zinci (B. P.), 15 per cent, of the oxide. 

Zinci fSiearas (U. S. P.). 

Unguentum Zind Stearatis (U. S. P.), 50 per cent. 

Unguentum Zind Oleatia (B. P.). 

Zind Chloridum (U. S. P., B. P.) (ZnCy, a white powder, or porcelain-like 
mass, irregular, or moulded into pencils, odorless and strongly caustic, very 
deliquescent, and soluble in water and alcohol. 

Liquor Zind Chloridi (U. S. P., B. P.), about 36 per cent. 

Zind Acetas (U. S. P., B. P.) (Zn(C2H,02)2 + 2H,0). 0.06-0.1 G. (1-2 grs.). 

Zind Valeras (U. S. P., B. P.) (Zn(CX02)2 + 2 H 2 O). 0.05-0.1 G. 

Zind Bromiduw, (IT. S. P.) (ZiiBr^). 0.05-0.1 G. 

Zindlodidum (U. S. P.) (ZnIJ. 0.05-0.1 G. 

Zind Sulphocarholas (B. P.), ZiTid Fhenolsulphona^ (IT. S. P.) (Zn(CgHf,SO^)j 
+ SHjjO), colorless crystals with an astringent taste, soluble in water and in 
alcohol. Used externally in 1 per cent, solution. (See page 422.) 

Therapeutic Uses. — Zinc sulphate has been used internally as an 
emetic, but not so widely as the sulphate of copper, although it is 
equally efficient. The sulphate, the oxide and the carbonate have been 
advised in the treatment of various brain diseases,* such as epilepsy, 
chorea and . hysteria, in which zinc is believed to act as a sedative. 
Experiments on animals and on healthy persons give no reason to be- 
lieve in this sedative action, and clinicians are divided as to its useful- 
ness in these diseases, but there is some support for the treatment. The 
oxide and sulphate are seldom employed as a.stringents in diarrhoea. 
Externally, the zinc preparations^ with the exception of the chloride^ 



are used as astringents/ the sulphate being applied in solution, the 
oxide ahd carbonate as powders or as ointments, which most prefer to 
the oleate. The oxide is especially useful as an application in many skin 
diseases. Solutions of the sulphate are used as an eye wash (} per cent.) 
and as an injection in gonorrhoea (1-4 per cent.). In the last case it is 
sometimes formed into a mixture with acetate of lead, the sulphate of 
lead which results being credited with some astringent action and not 
being washed off so readily from the diseased surface. The sulpho-car- 
bolate is also used as a urethral injection, and the salicylate and the 
sulpho-iodolate of zinc have also been introduced as astringent and anti- 
septic applications. 

The chloride of zinc differs from the other salts in being a powerful caus- 
tic, and is used as a paste or in pencil form to destroy malignant growths, or 
in chancres and gangrenous sores. It produces a white eschar iind is said to 
be less liable to spread over the surface than potash, but penetrates the epi- 
dermis with difficulty, and it is therefore advisable to destroy this with pot- 
ash or a blister before applying the caustic. It is sometimes mixed with 
flour or dried gypsum and water to a paste (Canquoin^s paste), when a less 
active caustic is desired. Its use is much more restricted at 1}he present 
time than formerly, when there was greater apprehension of the minor surgi- 
cal operations, but it has been recommended as a caustic and disinfectant 
application in inoperable cancer. In very dilute solution it has been appliM 
as a disinfectant lotion or ii\jection (1 in 5,000). Burnett’s disinfecting solu- 
tion (a somewhat stronger solution than' the official liquor) is used to disin- 
fect fseces and urinals, and the liquor of the pharmacopoeia may be employed 
for the same purpose. It has frequentlyn given rise to severe corrosive 
poisoning from being swallowed accidentally or suicidally. 

The acetate of zinc acts in the same way as the sulphate and may be used 
for the same purpose. The valerianate and bromide have been introduced 
with the intention of combining the action of zinc with that of valerian or 
bromide in hysteria and epilepsy, but valerianic acid is entirely devoid of 
any action on the brain (see Valerian, page 74) and the bromide is given ih 
too small doses to exert any influence. The iodide is used in a similar at- 
tempt to combine the astringent effects of zinc and the specific action of 
iodides, but is open to the same objection. The action of the phosphide is 
practically identical with that of phosphorus. Poisoning with zinc is treated 
in the same way as that with copper. 
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Vn. SILVER. 

only salt of silver used at all extensively in medicine is the 
altrate, ^hich is caustic, astringent and antiseptic. Added to splntioiis 
.cf prbteids, it forms a heavy precipitate of albuminate, which is at 
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first white in color but turns dai'ker in the light as the silver is re^ 
duced, and which is soluble in the presence of chloridesi 

Symptoms. — In dilute solution silver is a slight irritant to the ^kin, 
hnd causes redness and itching only, but more concentrated solutions 
blister, and the solid nitrate of silver causes an eschar, which is at first 
white, but later turns black from the reduction of the silver in light. 
On the mucous membrane, dilute solutions act as astringents, but coii- 
centrated cause irritation and corrosion. ‘The caustic action of silver 
does not extend so deeply as that of some other metals, such as mer- 
cury, because the penetration of the metal is limited by the membrane 
of silver albuminate formed. On the other hand, the silver salts are 
more irritant than those of lead. 

Dilute solutions of silver nitrate are said to contract the vessels 
.when they are applied locally, and this may be correct under some 
circumstances, but if irritation is induced, the vessels are certainly 
dilated. The astringent action is to be attributed not to any action on 
the vessels, but to the formation of a protective layer of coagulated 
albumin. * 

In acute silver poisoning from the ingestion of silver nitrate, the 
symptoms are those of severe g^tro-intestinal irritation and corrosion. 
Burning pain is felt in the throat and stomach, and is followed by 
nausea and vomiting and often by purging. The mouth is covered 
with a grayish-white membrane, which turns darker after a time, but 
this is absent if the poison be swallowed in the solid form, as has hap- 
pened sometimes. The corrosion of the stomach and intestine causes 
collapse, with weak pulse, shallow respiration and pinched features, and 
this may be followed by coma, convulsions and death. The throat, 
stomach and intestine presented the ordinary appearances of acute cor- 
rosive poisoning in one case in which an autopsy was performed. 

Action. — The symptoms of acute poisoning are due to the local action, 
and present no features suggesting that silver is absorbed and causes general 
poisoning. The action of silver after absori)tioh has, however, been investi- 
gated in animals poisoned by subcutaneous or intravenous injection. The 
nitrate, owing to its coagulating properties, is unsuitable for this purpose, 
and the hyposulphite of sodium and silver, or a solution of the albuminate 
has therefore been used. In mammals the central nervous system is the 
chief seat of action, especially the medulla oblongata, which peems to be 
stimulated at first, for the blood-pressure rises and the pulse is somewhat 
slow, owing to increased activity of the vaso-motor and vagus centres. 
Later the blood-pressure falls, and the respiration becomes slow and labored, 
and eventually ceases from paralysis of the centre. Gaethgens asserts that 
* the diaphragm, and eventually the other striated muscles are paralyzed soon 
afterwards. The heart is comparatively little affected, and often continues 
to beat some time after the respiration has stopped. In less acute poison- 
ing, when the animal survives the injection for several hours or days, a 
marked increase in the bronchial secretion, culminating in oedema of the 
lungs, has been noted ; no satisfactoiy explanation of this has been advanced, 
but it does not seem due to cardiac inefficiency and occurs also when the 
excised lung is perfusedt with blood containing silver. Congestion and 
ecchymoses are found in the stomach and intestine, and some authors men- 
tion ulceration of these mucous membranes. Cohnstein found that small 
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quantities of silver salts injected intravenously cause some increase in the 
urine for a time, but that larger quantities are followed by albuminuria. ; 

In cold-blooded animals and in invertebrates, silver preparations are said 
to cause violent convulsions, resembling those of strychnine and followed by 
general paralysis. The heart is, according to one investigator, little affected, 
according to another, it is found in diastole. 

The general action of silver is thus apparently directed first of all against 
the medulla oblongata, the rest of the central nervous system being affected 
to a less extent. The mucous membrane of the stomach and intestine is 
acted on, as by most heavy metals, and the kidney is also liable to irritation. 
(Edema of the lungs occurs frequently. 

Chronic Poisoning. — There is no evidence that in acute poisoning in 
man any considerable amount of the metal is absorbed from the stomach 
and intestine. When silver is given for prolonged periods, however, some 
is absorbed, although probably only a minute fraction of that actually 
swallowed. In the stomach small quantities of soluble silver salts are 
probably changed to the chloride and albuminate, but the form in 
which the metal is absorbed has proved a subject of dispute. It seems: 
to be taken up in solution, for none of it is found in the epithelium of 
the stomach and intestine, and some of it may circulate in the blood 
in a soluble form for a short time. But the greater proportion is very 
soon thrown down in the form of minute granules, which were for-^ 
merly believed to be metallic silver, but which have more recently 
been said to be one of its organic compounds. The formation of this 
pigment is quite different from the reduction of silver in sunlight, for 
it occurs in complete darkness. The change apparently takes place in 
the cells, especially in the leucocytes, but the granules are afterwards 
extruded into the surrounding fluid. They are found in the conflective 
tissues of the body chiefly, and when present in quantity, give a dark 
color to the skin and mucous membranes. This pigmentation (Ar- 
gyria) was much commoner formerly than at the present time, but ; 
several cases have been described quite recently. The chief source pf i 
chronic silver poisoning or argyria was formerly the treatment of | 
epilepsy with the nitrate. More recently it has occurred in the mah^rs^ 
of artificial pearls, who use silver as a pigment. 

Local argyria is sometimes met with from the prolonged application 
of silver nitrate to the eye or throat, when it tints the eyelids and 
mouth, and from working with silver, when the hands are permanently 
blackened from the granules being forced into the skin. 

The deposit of the silver in the skin gives it a darker color, varying 
from light gray in mild cases to a darker slate shade after more pro- 
longed use. It is generally distributed all over the body, but in some, 
cases has been especially marked in the face, and it is said to begin in 
the gums, where it pauses a dark, slate-colored line somewhat resem- 
bling the lead line. In the skin it is found in the coriura, not in the 
epidermis. The deposit and the dark color extend throughout the 
alimentary canal and the respiratory passages, the granules occurring 
in the connective tissue, particularly in the intestinal villi, and not in 
the epithelium. The glomeruli of the kidneys, the connective tissue 
of the liver and spleen, the choroid plexus^ the tunica intima of the 
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^orfa, the serous membranes, and the mesenteric lymph glands contain 
more of the deposit than other organs. The pigmentation is not ac- 
companied by any other symptom of importance, and the victims live 
to old age without sutfering from the chronic poisoning in any way, 
eJTcept from the annoyance induced by the change in color. 

Argyria is quite incurable, although jnany attempts have been made 
to remove it. Iodide has been tried, for the most part without effect, 
and blistering is equally valueless as the pigment lies deeper than the 
I epidermis. The only known solvent of the granules is cyanide of 
potassium, and of course this is inadmissible owing to its powerful 
poisonous action, 

, Argyria has been induced in animals by prolonged treatment with 
: small doses of silver salts, though the pigment is not found in the skin 

them, but in the duodenal mucous membrane and the mesentery 
attached to it, the mesenteric lymph glands, the spleen and liver. A 
; fitill more limited area of argyria has been caused in animals recently 
by administering for a few weeks the glycyrrhizinate of silver. It is 
■ not unlikely that more prolonged administration would lead to other 
organs and perhaps the skin being involved. A deposit of silver pig- 
ment has also been induced in animals by a single injection of a non- 
irritant preparation into a vein, or into the subcutaneous tissue. Here 
the silver is found at first in the liver capillaries, the glomeruli of the 
kidney, the intestine and the bone marrow, but is afterwards taken up 
by the leucocytes, and carried# to all the organs of the body. Various 
symptoms of chronic poisoning quite apart from argyria have been de- 
scribed in animals from prolonged treatment with silver, but it would 
seem that they were due not to the direct action of the drug, but to the 
continued irritation of the stomach and intestine, as they were entirely 
> absent when less irritant preparations and greater care in administra- 
' tion were used. 

In man it seems likely that most of the silver passes through the 
alimentary canal unabsorbed, and that the small proportion taken up 
by the tissues is precipitated and remains embedded in them indefi- 
nitely, for the pigmentation remains unchanging in its depth, and there 
is therefore no reason to suppose that any of the silver is eliminated. 

In animals, however, some of the silver injected hypodermically or 
intravenously is excreted by the epithelium of the alimentary canal. 
None appears in the urine. In the frog, silver injected hyiiodermically 
is all excreted by the epithelium of the tongue, is swallowed, and 
passes out in the faeces. No other poison is known to be eliminated 
by this channel. 

Silver nitrate is a powerful antiseptic, partly from its action in co- 
agulating the proteids of the micro-organisms, partly from the specific 
effects of the metal, as is shown by the fact that the albuminate of sil- 
ver is also an active disinfectant. 
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Preparations, ^ 

Argenti Nitraa (XT. S. P., B. P.) (AgNOg), colorless crystals which be- 
come gray or grayish -black on exposure to light in the presence of organic 
matter, with a bitter, caustic, strongly metallic taste, very soluble in water, 
less so in alcohol. 0.01-0.03 G. (t-J gr.) in pills made up with kaolin. 

Argenti Nitras Fusus (U. S.Jp.), moulded nitrate of silver, lunar caus- 
tic— a white, hard solid, generally cast in the form of pencils, 

Argenti Nitras Induratus (B. P.), toughened caustic, a silver nitrate 
fused with 6 per cent, of nitrate of pot^sium. 

Argenti Nitras Mitigatus (B. P., IT. S‘. B.), mitigated caustic, consists of one 
part of nitrate of silver and two parts of ‘nit rate of potassium fused into rods 
like lunar caustic. 

Argenti Oxidum (U. S. P., B. P.) (AggO), a heavy, brownish-black powder, 
odorless and having a metallic taste, very little soluble in water. 0.03-0.1 

G. (i-2 grs.)' 

The silver preparations ought to be kept in dark amber-colored bottles, in 
order to prevent their being reduced by light, and ought not to be prescribed 
with organic matter, which rapidly reduces them. 

Therapeutic Uses. — Silver nitrate pills have been recommended in 
some forms of dyspepsia and vomiting, and in gastric ulcer, and have 
also been used as astringents in diarrhoea, but generally with little 
benefit. A very ancient use of silver oxide, and more recently of the 
nitrate, is that in the treatment of epilepsy, chorea, tabes and various 
other nervous diseases. This dates from the Arabs, and is said to 
have originated from the astrological medicine of that period, which 
taught that nervous diseases were especially affected by the phases of 
the moon, which was associated with silver in their system (hence, 
lunar caustic, lunacy). Clinical experience shows that silver is of no 
benefit in epilepsy, and, in fact, it is improbable that silver reaches the 
central nervous system in any other form than inert granules. This 
use of silver very often gave rise to argyria without benefiting the pa- 
tient, about 15-30 G. proving sufficient to cause marked pigmentation. 

Externally, silver nitrate is employed very extensively, the sticks of 
lunar caustic being used to destroy warts and other small skin growths, 
to arrest capillary haemorrhage, to destroy the false membranes of 
diphtheria, and for other similar purposes. Where a milder caustic is 
required the mitigated caustic is used instead of ordinary lunar caus- 
tic. A solution of 2-5 per cent, may also be applied to cauterize chan- 
cres and indolent ulcers, and one of 1-2 per cent, may be painted on 
mucous membranes as an irritant antiseptic. A solution of common salt 
is then used, to wash the part, in order to remove the excess of silver. 
In ophthalmia, especially of the infectious form, a solution of 1-2 pef 1 
cent, is extremely valuable, and, in fact, a routine treatment in some 
lying-in hospitals is to wash the eyes oTthe infant with this solution 
immediately after birth as a prophylactic measure to prevent oph- 
thalmia. A solution of this strength is only to be used by the surgeon 
himself, and the eye should be washed out with a salt solution at 
qnce. A more dilute solution (J-J per cent.) may be used as a lotion 
for eye more frequently, may be applied to extensive denuded . 

:JUrfa^s, as burns, and is often thrown into the rectum in chronic 



dysentery. In gonorrhoea the nitrate of silver, one part in 500^2000 
of water, is used as an injection, and is found to have great value, de-; 
stroying the gonococci and promoting healing. Very much stronger 
solutions (up to 5 per cent.) have been used to abort the disease in its 
onset, but cause great pain. 

The precipitation of silver nitrate by proteids and chlorides confines its 
disinfectant action to narrower limits than those of. some other antiseptics^ 
and this has led to the introduction of a number of other compounds, which 
ard less easily dissociated and accordingly less liable to be thrown out of so^- 
lution, Thxia argentaminej a ten per cent, solution of silver phosphate in 
ten per cent, ethylendiamine solution, has been used in gonorrhoea diluted 
to 1 : 1,00(1-6,000, in the eye in five per cent, solution. It penetrates better 
than silver nitrate, but the alkaline diamine renders it somewhat irritating. 
Another recent product is argonin^ which is a combination of casein and 
silver, is soluble in water, and, like argentamine, is not precipitated by 
chlorides nor by albumin ; it is a somewhat weaker antiseptic than the nitrate 
and argentamine. The lactate of silver, actol^ and the citrate, itrol^ have 
also been used as antiseptics. Actol is soluble in water, and resembles the 
nitrate in coagulating proteids, while itrol, on the other hand, is practically 
insoluble (1 to 3,800 water). The former is used in solution per cent.), the 
latter as a disinfecting powder in wounds. Actol and argonin have been 
shown to have very considerable disinfectant power in test-tube cultures, and 
actol lessens the putrefaction in the bowel and coin^tipates to some extent, 
but argonin has no effect on the intestinal microbes. Protar gol, larging and many 
other compounds of silver have been introduced, but all of these have been 
replaced in the last few years by Credo’s diver {Collargol)^ which is metallic 

silver in colloid form, which may«be suspended in water (4 per cent. ) or in oint- 
ment (i0~15 per cent.). It is said to be eflicient as a disinfectant in the same 
conditk)ns as have hitherto been treated with the nitrate and to be practically 
devoid of the irritant and (jorrosive action of the latter. Attempts have been 
made to use it by hypodermic or intravenous injection in general septicmmia, but 
the earlier claims of its advocates that it was of value as an antiseptic in consti- 
tutional diseases have proved to have no more foundation than the similar state- 
ments in regard to other antiseptics, (See pages 393-396. ) 

Silver preparations ought not to be used for long periods, as argyria has 
been induced in three months and after the use of 16-30 G. (J-1 oz.) of the 
nitrate. 

In cases of poisoning with silver nitrate, eggs, milk and, above all, com- 
mon salt solution are indicated to form insoluble comi30unds. In argyria 
no improyement can be expected, though the iodide of potassium may be 
tried. 
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Vin. BISMUTH. 

The insoluble salts of bismuth, in especial the subnitrate, have long 
enjoyed a reputation in the treatment of gastric and intestinal irrita- 
tion, and have more recently been advised in surgery as applications 
to granulating wounds. 

Symptoms. — Taken in therapeutic doses, the subnitrate induces no 
marked symptoms, even after prolonged use. It has little or no taste, 
and passes through the stomach and intestine for the most part uhab- 
sorbed. It is said to increase the peristalsis of the stomach and the 
secretion of mucus, but it may be questioned whether it has more effect 
here than any other heavy powder. In the intestine it is said to have 
some effect in increasing the leucocytes of the blood, and often causes 
some constipation. It gives the stools a black color, which is; gener- 
ally believed to be due to the formation of the sulphide of bismuth, 
but which Quincke ascribes to the reduction of the subnitrate in the 
intestine. 

Very little of the bismuth swallowed is absorbed, but several au- 
thorities have found traces in the urine of patients treated with it in- 
ternally so that some evidently passes into the blood under certain 
unknown conditions. Enormous quantities have been administered 
internally without any symptoms of poisoning being elicited, but in one 
or two cases some stomatitis has been Remarked, while in other in-~ 
stances large concretions of bismuth have been found in the stomach 
and bowel. Some of the older writers describe serious poisoning from 
bismuth, but this was not due to the drug itself, but to the lead, arsenic, 
or antimony with which it was contaminated.^ As long as bismuth 
was given only internally, no serious symptoms arose from its action, 
and in fact any effects whatever beyond slight constipation were ex- 
tremely rare. But since its use was extended to wounded surfaces, 
several cases of serious intoxication have occurred. The symptoms 
are salivation, swelling of the gums, tongue, and throat, pain and 
difficulty in swallowing, black spots in the mouth and throat, and gan- 
grene of the soft palate and other parts of the mucous membrane of the 
mouth. Vomiting, diarrhoea and albuminuria follow, but the pa- 
tients generally recover when the dressing is removed from the 
wound. In these cases much less bismuth is applied than is often 
prescribed for internal use, so that it would appear that it is absorbed 
more rapidly from granulating surfaces than from the mucous meni- , 
branes, or that what is absorbed from the stomach and intestine is 
prevented by the liver from reaching the general circulation. 

Action. — ^The general action of bismuth has been studied in animals by the 
subcutaneous or intravenous injection of the double salts, such as the tartrate of 
bismuth and sodium. In frogs the symptoms are those of stimulation of the 

^ A symptom formerly noted in eases treated with bismuth was an extremely dis- 
agreeitble odor in the breath, but this has been shown to be due to the presence of 
tellurium in the preparation. 
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spinal cord and medulla oblongata, followed by depression and paralysis. The 
stimulation induces tonic convulsions, which are separated by periods in which 
the frog is at first apparently normal, but in which symptoms of depression and 
paralysis appear later. The peripheral nerves and muscles and the heart are 
little afiected. 

In mammals also, large doses act chiefly on the central nervous system. The 
respiration is accelerated, the heart slowed, and violent clonic and tonic convul- 
sions follow at short intervals, during which the movements are weak and inco- 
ordinated. Toward the fatal issue of the injection the heart often ceases entirely 
for some time, and then regains its former rhythm quite suddenly. The blood- 
pressure falls, partly owing to the weakness of the heart, partly from depression 
of the vaso-motor centre. In some animals the respiration ceases before the 
heart ; in others, the sequence is reversed. The heart seems to be affected 
directly, for division or paralysis of the vagus nerves does not alter the effects. 

Smaller quantities injected intravenously or subcutaneously into mammals 
induce a more chronic form of intoxication, which resembles that seen in man. 
The earliest symptoms are loss of appetite, vomiting and diarrhoea, salivation 
and stomatitis with ulceration of the gums, tongue, and buccal mucous mem- 
brane. Weakness, slowness and incoordination of the movements follow, and 
except in very few chronic cases, tetanic convulsions occur at intervals. The 
urine contains albumin and casts. The weakness gradually deepens into com- 
plete paralysis and the animal dies, generally without convulsions. The heart 
seems little affected in the chronic intoxication, but the blood-pressure is low 
from the intestinal irritation and general collapse. 

Besides the stomatitis and ulceration of the mouth, the post-mortem appear- 
ances in chronic bismuth poisoning in animals consist in some congestion, inflam- 
mation and necrosis in the kidney, and an intense black coloration of the caBcum 
and the upper part of the large intestine. This pigmentation is limited very 
exactly by the ileocaecal valve, 4uid extends throughout the thickness of the 
bowel wall. The mucous membrane may also be necrosed in places, and ulcers 
and haBmorrhages are met with in it. The black coloration is due to a deposit 
of bismuth sulphide on the mucous membrane, and in the capillary vessels and 
lymph spaces. Meyer and Steinfeld found that bismuth is excreted all along the 
alimentary canal, but in larger quantities in the caecum and large intestine than 
elsewhere, and they ascribe the ulceration to the precipitation of the sulphide in 
the vessels and the consequent arrest of the blood current. When sulphide solu- 
tion was artificially introduced into the stomach and small intestine, bismuth 
caused necrosis and ulceration here also, so that there is considerable support for 
this view. 

They found bismuth to be stored in considerable quantity in the liver, and to 
be excreted by the urine, stomach, and intestine, but especially by the C83cum and 
large bowel. It has been found in the saliva by other observers, and perhaps 
in traces in the milk, although the last is not satisfactorily established. 

The action of bismuth in acute poisoning in animal experiments seems there- 
fore to be exerted on the medulla and spinal cord, to a less extent on the heart, 
while in chronic intoxication the organs affected are those by which it is excreted 
— ^the mouth, kidney, large intestine, and caecum. 

Prepaeations. 

Bismuthi Subniteas (U. S. P., B. P.), white bismuth, Magisterium Bis- 
muthi, bismuth oxynitrate, a heavy white powder odorless and almost taste- 
less, insoluble in water or alcohol but soluble in nitric or hydrochloric acid. 
It consists of a mixture of the hydrate and subnitrate of bismuth in varying 
proportions.^ 0.3-2 G. (5-30 grs,), in powder or suspended in water. 

2 The B. P. defines this preparation as bismuthoxynitrate (BiONOjHjO), but some 
hydrate is almost invariably present. 
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carbonate, a white or pale yellowish-white powder, varying, in eompositionv 
odorless, ^teless, insoluble in water or alcohol. 0.8-2 0. (6-80 ^.) h» 
.powder, ■" 

Troohiecus Bismuthi Compositiis (B, P,) j each contains 2 grs. of bismuth 
oxy(^rbonate along with the carbonates of magnesia and of lime. 

Bi^uthi Salicylm (B. P.), Bimmithi i^hsalicylas (TJ. S. P.), the salicylate or 
oxysalicylate of bismuth, is a white, amorphous powder, insoluble in water. 
5-20 grs. ^ ^ • 

Bmmthi Oxidum (B, P.) (Bi^Oj), a slightly brownish-yellow powder, in- 
soluble in water. 5-20 grs. 

Bimuthi Oitraa (U. S. P.y(BiCgH 50 ^), a white powder, odorless, tasteless, 
insoluble in water or alcohol, used only to form " 

Bimuthi et Ammonii Oitraa (U., S. P.), small, shining, translucent scales, 
odorless, but with a slightly acidulous and metallic taste, and becoming 
opaque on exposure to the air, very soluble in water, less so in alcohol. 0.1- 
0.3 G. (2-6 grs.). ^ 

Liquor Biamuthi et Ammonii Citratia (B. P.) contains the equivalent of 6 
per cent, of bismuth oxide. J-1 fl. dr. 

Bismutjd Subgallaa (U. S. P.), 0.25 G. (4 grs.), forms a white or nearly white 
powder, insoluble in water, tasteless and odorless. 

Therapeutic Uses. — Bismuth has been used chiefly in gastric catarrh 
and ulcer, and has often been looked upon as a specific in the last 
affection, though it acts simply as a protective powder with perhaps 
some astringent properties. It has been found that when swallowed 
it. is at first deposited in the most dependent part of the stomach, but 
is later distributed evenly over the surjface, and forms a continuous 
sheet over any ulceration, which it thus protects from mechanical injury 
from the food, and also from the chemical action of the gastric f juice. 
The subnitrate is the only one of the official preparations largely used 
for this purpose, and is generally administered in quantities of 2-3 G. 
(30-45 grs.) per day in powder, Eecently the use of much larger 
quantities (10—16 G., 150—260 grs., per day) has been recommended. 
Bismuth has also been used in diarrhoea for its astringent and protective 
action on the intestine, which is again due to its being deposited on the 
mucous membrane and acting as a mechanical coating over irritated 
surfaces. 

The subnitrate has been advised in surgery as an antiseptic, astrin- 
gent powder to replace iodoform. It is true that it is devoid of the 
disagreeable odor of the latter, but it is not a harmless remedy, as was 
at first supposed, for several cases of bismuth poisoning have beeu 
recorded from its surgical use. Like iodoform, its value depends not 
so much on its germicidal action as on its absorption of the fluids of . 
the wound, which renders the surface less suitable for the growth of 
bacteria. The therapeutic uses of the bismuth preparations then are 
largely due to their insolubility. The subnitrate is generally used, the 
.carbonate less frequently, while the soluble double citrate is quite 
superfluous. 

Several new compounds of bismuth have been introduced into therapeutics 
;:;0t jate y^ chiefly with the intention of combining the astringent prop- 
‘Cjrfcjies J)ismuth with the antiseptic action of benzol preparations. Among 
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these may be mentioned the salicylate (B. P.) and henzoaU^ which have been ’ 
used as intestinal antiseptics and astringents. (0.2-0. 3 G. (3--5 grs.), in* 
powder.) Others are dermaiol {gsllcAB of bismuth, OgH2(OH)8COOBiO)> awof 
(bismuth oxyiodide gallate), thioform (bismuth dithio-salicylate), 
phenolate, creaolate^ orphol (^-naphtolate), xeroform (tribromphenolate), /a?i- 
nate^ aulphocarbolatey dermol (chrysophenate), cwdooim (tetraiodo-phenolphtalei- 
nate). These have been used chiefly as cutaneous applications in various 
forms of skin disease, in which aii astringent and protective powder is indi- 
cated, in bui*ns and ulcers, in some ophthalmic conditions, and as dusting 
powders after operations. Several^of them, such as dermatol (0,l-0.2 G.), 
and the phenolate, cresolate, naphtolate, and tidbromphenolate (1-4 G.), 
have been advised as intestinal antiseptics and astringents, and the last four 
have been shown to be decomposed in the intestine into bismuth and the 
corresponding aromatic antiseptic. Stomatitis and other symptoms have 
been observed occasionally from the external application of these new com- 
pounds, but they seem less dangerous than the subnitrate in ordinary sur- 
. gicaluse. The phenol, cresol, and other similar substances freed by the 
decomposition of these new compounds, might also give rise to symptoms of 
poisoning, if large quantities were lupidly formed in the intestine. Dernia^ 
tol has no effect on the double sulphates of the urine, so that it apparently 
does not act as a germicide, but merely as an astringent protective in the 
intestine. 
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Cerium. 

Cerium is used to a limited extent in therapeutics in the form of the 
oxalate. Very little is known of its effects, but it is apparently absorbed 
with difficulty from the stomach and intestine. It is said to depress the 
heart, and to induce vomiting and purging, with hyperasmia and ecchymoses 
in the stomach and bowel, and nephritis and congestion in the kidney, when 
it is injected into the blood vessels. 

In therapeutics it is used in vomiting from seasickness, pregnancy and 
other conditions, in which irritation of the stomach is not the primary cause. 
It is quite unknown how it acts in these cases, but it is surmised that its ef- 
fects are local and similar to those of bismuth subnitrate. 

Cerii Oxalaa (IT. S. P., B. P.) (062(020^)5+91120), a white granular powder, 
tasteless, odorless, insoluble in water or alcohol. 0.1-0. 6 G. (2-10 grs.)^ 

IX. ALUMINIUM AND ALUM. 

The chief pharmacopoeial preparation of aluminium is the sulphate of 
aluminium and potassium, or alum, which has been largely used for its 
astringent properties. Alum solution.s precipitate alburain, but the 
precipitate is soluble in excess of the proteid. It is not known 
whether an albuminate is formed similar to those of the heavy metals> = 
though it seems probable that this is the case, Dilute solutions of alum 
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have an astringent effect from their throwing down a layer of precip- 
itated proteid on the surface of the mucous membranes or on wounded 
surfaces, but larger quantities and more concentrated solutions act* as 
irritants. This is more especially the case when dried alum is applied, 
for, in addition to its coagulating effect on the proteids, this prepara- 
tion has a great avidity for water. 

Symptoms. — Alum solutions have a sweetish, astringent taste, and in 
small quantities induce no symptoms except a feding of dryness and 
astringency of the mouth and throat, and some constipation. Larger 
doses act as gastric irritants and cause nausea and vomiting, and, in 
extreme cases, purging. Even the largest quantities, however, are 
followed by no symptoms except those of gastro-intestinal irritation 
and inflammation, and the long-continued use of alum does not elicit 
any symptoms of chronic poisoning. The aluminium salts are not ab- 
sorbed in any quantity from the stomach and intestine, so that no 
symptoms of general poisoning arise from the internal use of the salt. 
Aluminium vessels may be used for cooking, or even to contain acids, 
without danger of intoxication, as has been shown by a recent series 
of investigations. 

Aluminium ^alts, especially the acetate, chloride and some m5re 
recent preparations, have very considerable antiseptic power, much 
more than some of the more generally used antiseptics, such as boric 
acid. 

• 

Action, — Aluminium has a very remarkable general action when it 
obtains access to the blood. In Stem’s experiments on animals, the sotjium- 
aluminium lactate or tartrate induced a very slow intoxication, mammals 
never dying from the effects sooner than one or two weeks after the in- 
travenous injection of the salts. In frogs the symptoms were those of a de- 
scending paralysis of the central nervous system, the heart and the peripheral 
nerves and muscles being little affected. In mammals the first symptoms 
appeared only after three to five days, and consisted in constipation, rapid 
loss of weight, weakness, torpor and vomiting ; marked abnormalities in 
movement and sensation were observed later, such as tremor, jerking 
movements, clonic convulsions, paresis of the hind legs, anmsthesia of the 
mouth and throat, and lessened sensation all over the body. Before 
death, diarrhoea often set in, and albuminuria was generally present. 
The mucous membrane of the stomach and bowel was found swollen and 
congested, the kidney and liver had often undergone fatty degeneration, 
and hiemorrhages were found in the renal cortex. Aluminium was found in 
the urine. 

Like the other members of the heavy metal series, aluminium therefore 
acts on the bowel and kidney in general poisoning, while many of the symp- 
toms point to a direct action on the brain. Dollken has recently confirmed 
Siem’s results, and showed that the nerve cells and fibres of the cord and 
medulla undergo degeneration, particularly those of the lower cranial nerves. 

It has been stated that the alum salts of the food are absorbed and stored 
in the bones, but this is incorrect. What little is absorbed is probably rap- 
idly excreted by the bowel and perhaps by the urine. 

A metal which is very nearly related to aluminium in its effects in the 
organism is Beryllium. It differs chiefly in being more poisonous, in being 
absorbedA*om the si^omach and intestine, and in causing more distinct lesions 
m these #ben it is injected into the blood. 
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Prbpabations. 

Altjmbn (U. S. P., B. P.), alum, potassium alum, (Al^Kj^SO^)^ + 24H3O), 
large, colorless, octahedral crystals, with a sweetish, strongly astringent 
taste, soluble in water, but not in alcohol. 0,3-1 G. (5-15 grs.). 

^ Glycerinum Aluminis (B, P.), 10 per cent. 

Alumen Exsiccatum (U. S. P.), Alumm Uatum (B. P.), burnt alum, dried 
alum (Al2K2(SOJ^), a white, granular powder, attracting moisture on ex- 
posure to air, soluble in water. 

Alumini Hydroxidum (U. S. P.) (Al2(OH)g), a white, light, amorphous powder, 
odorless, tasteless, insoluble in water or alcohol, but soluble in hydrochloric 
or sulphuric acid and in fixed alkalies. 0.3-1 G. (5-15 grs.). 

Alumini Sulphas (U. S. P.) (Al2(SOj3), a white, crystalline powder, with a 
sweetish, astringent taste, soluble in water, not in alcohol. 

Uses. — Alum is used chiefly externally for its astringent properties. 
It has been employed as an emetic, but is less reliable than the sul- 
phate of copper or tartar emetic, and very large doses (4-8 G., 1-2 
drs.) are required. In diarrhoea either alum or the hydrate is some- 
times advised. 

Alum, solution is useful as an astringent gargle (1-5 per cent.), as 
an injection in gonorrhoea (J-1 per cent.), as an astringent lotion in 
skin diseases (1 per cent.), and for other similar purposes. It is said 
to tend to cause corneal perforation by dissolving the intercellular sub- 
stance, but has been used in ophthalmia by many surgeons. Dried 
alum is more caustic, from its withdrawing fluid from the tissues. It 
has been used to a limited extent as an emetic ; more frequently as an 
applipation to exuberant granulations, hmmorrlioids, or condylomata, 
and as a styptic in bleeding from the nose or teeth. Alum has often 
been prescribed in chronic lead poisoning with success. A one per 
cent, solution has been injected into the rectum in chronic dysentery, 
but is inferior to the nitrate of silver. 

A large number of aluminium preparations have been introduced recently 
as antiseptic astringents. Among these may be mentioned alumnol (naph- 
tol sulphonate of aluminium), (salicylate), tanned (tannate), gallal 

(gallate), horal (boro tartrate), cutol (borotannate), alsol (acetate), alkasal 
(salicylate of potosiura and aluminium). They are used partly in solution, 
chiefly as dusting powders, but it has yet to be proved that they are supe- 
rior to the older preparations. As with so many of the products of the new 
industrial chemistry, they are thrown on the market in such profusion, and 
are heralded with such exaggerated praise, that it is impossible at present to 
state which of them are really improvements on the more generally recog 
nized preparations, and which are merely adapted to enrich the inventor, 
without materially advancing therapeutics. 
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Gold has never been largely used in therapeutics, although repeated at- 
tempts have been made to introduce it in the treatment of the most diverse 
<}onditions ; the salt employed has almost invariably been the double chlor- 
ide of gold and sodium. It is much less poisonous than many of the other 
metals and may be taken for many months without entailing any untoward 
symptoms. The subcutaneous injection in frogs is followed by paralysis of 
the central nervous system, gold possessing little action on the heart and 
striated muscles in these animals. Injected intravenously in dogs, it causes 
vomiting and dyspnoea, which soon pass oft, but if sufficient h^ been in. 
jected the animal suffers from nausea, vomiting and diarrhoea for several 
days, eats nothing, loses flesh rapidly, and dies a week or more after the ex- 
periment. Numerous ulcers are found in the stomach and intestine, and 
these often betray their presence in life by hemorrhages. Gold lowers the 
blood pressure somewhat on intravenous injection, probably from the dila- 
tion of the mesenteric vessels accompanying the intestinal action.' It has 
little effect on the rate of the heart except in large doses, and dilates the 
vessels when perfused through them. When given by the mouth to dogs 
and cats, it is at once ejected from the stomach by vomiting. 

Gold has therefore the ordinaiy general effects of the heavy metals in 
causing acute irritation and ulceration of the alimentary canal. The early 
vomiting may be due to action on the centre, but is more probably caused 
by its irritating the stomach. The diarrhoea, and the ulceration of the 
stomach and intestine probably indicate that it is excreted by these organs. 

Auri et Sodii Chloridum (U. S. P.), a mixture of equal parts by weight of 
dry gold chloride (AuClj) and sodium chloride (NaCl), an orange-yellow., 
powder, with a saline, metallic taste, deliquescent in the air and very solu- 
ble in water. 0.006-0.03 G. gr.), in solution. Gold has been used in 
various nervous disorders, in particular in those of a hysterical nature, and 
may conceivably be of value through suggestion, if the patient be informed 
of the nature of the remedy. It has also been advised in syphilis, rheuma- 
tism, and other chronic- diseases. Of late years it has been widely adver- 
tised as a specific in chronic alcoholism, but analysis has shown that no gold 
was contained in the fluid advocated, and there is no reason to suppose that 
it is of value except by means of suggestion. Kantnack and Calmette have 
recommended its hypodermic injection in cases of snake bite. 
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Platinum, 

Platinum resembles gold in its action very closely, but is much more poi- 
sonous. In the frog it paralyzes the central nervous system, and later the 
striated muscles. Kebler observed a stage of convulsions precede that of 
paralysis, the spasms evidently arising from the spinal cord or medulla 
oblongata. In mammals the symptoms resemble those of gold poisoning in 
almost every detail. Small quantities of platinum double salts injected in- 
travenously increase the urine to some extent ; larger injections cause albu- 
minuria. 

Platinum was at one time advised in syphilis, but has never been widely 

^Wed. 
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Chromium ia used in medicine in the form of chromic acid and the bichro- 
mate of potassium, which are both powerful oxidizing bodies in addition to 
their poisonous action as metallic oxides. The former property renders i 
them more irritant and corrosive than most of the salts of the heavy me^ls. 
Chromic acid in particular is a powerful caustic, combining the action of a 
metalliG oxide, an acid, and a strongly o:ddizing agent. Applied to the skin 
in substance it corrodes it, but is said to cause less pain than the more pene- 
trating caustic potash. Even in dilute solution the chromic salts and the 
acid act as skin irritants, and the caustic efifccts are shown by skin diseases, 
and particularly by deep perforating ulcers in persons exposed constantly to 
the dust Of chromic salts in factories. These ulcers arise from any abrasion 
of the skin, while the acid does not seem to be capable of penetrating the 
unbroken epidermis. The cartilaginous septum of the nose is also a common , 
seat of ulceration, which eventually leads to perforation. These ulcers arise 
from the local action of the poison and not from its absorption ; they are said 
to be almost painless. The inhalation of the dust leads to chronic bronchitis, 
while that swallowed and absorbed may give rise to nephritis. 

Symptoms. — In acute poisoning, when a large quantity of the acid or of a 
salt is swallov^ed, the symptoms are those of gastro-intestinal corrosion, in- 
tense pain in the throat and stomach, vomiting and purging, with blood in Ihe 
vomited matter and the stools, collapse and frequently death. The mouth 
and throat are stained yellow, and the stomach and intestine exhibit the 
usual appearance of violent corrosive poisoning. 

The general action of chromic preparations may be elicited in animals by 
subcutaneous or intravenous injection, or by the administration of smaller 
quantities by the mouth. The symptoms resemble those caused by the gen- 
eral action of other metals. In the frog increasing weakness, tremor and 
eventually paralysis of the dentral nervous system are induced. In the 
mammal weakness and slowness in the movements is followed by albumi- 
nuria, glycosuria, diarrhoea and vomiting. Sometimes twitching of the 
muscles or even convulsions are seen, and then the weakness passes into 
general paralysis. The heart seems little affected by chromium, but the 
blood-pressure falls. After death the stomach and bowel are found con- 
gested, and the mucous membrane is necrosed and ulcerated in some parts, 
covered with ecchymoses in others. Hemorrhages are also found in other 
organs of the body, notably in the heart wall. The kidney is in a state of 
acute parenchymatous nephritis and often contains deposits of uric acid, and 
albumin, casts, and often blood cells appear in the urine. In chronic poison- 
ing interstitial nephritis is said to occur. 

Chromic acid and its salts are readily absorbed from the stomach and in- 
testine. They seem to be excreted for the most part through the kidney , to 
a less extent by the intestinal epithelium probably. In the urine the metal 
occurs in part in organic combinations. 

Chromic oxide compounds act in the same way as the chromates, but are 
much less poisonous. 

Preparations. 

Acidum Ohromicum (B. P.), Chromii Trioxidum (U. S. P.), chromic acid or 
anhydride (CrOg), forms crystals of dark purplish-red color and metallic lustre, 
odorless, very soluble in water. When brought in contact with organic sub- 
stances, such as alcohol, glycerin or sugar, it oxidizes them rapidly and often 
violently with explosion. : 

Liquor Acidi ChromiGi (B. P.), 25 per cent. 

Potami Bichroynm (B. P.), Fotassii Dichromas (U. S. P.), bichromate or 
dichromate of potassium (K^CrgO^), forms large, orange-red transparent crystals, 
with a bitter metallic taste, soluble in ten parts of water. 6-12 mgs. gr. ). 

Chromic acid is used as a caustic application to malignant growthfi„ 
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cbancres and diphtheritic membranes, to a less extent as an irritant antisep- 
tic, It has generally been applied by dipping a glass rod into a solution 
formed by allowing the crystals to deliquesce, or it may be fhsed on the end 
of a wire. It has also been advised in 5 per cent, solution as an applj.catioh 
to prevent perspiration of the feet and to harden the skin. 

The bichromate has been recommended recently in certain forms of dys- 
pepsia in doses of 5 mgs. (t*s gr.). 
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Manganese. 

Traces of manganese are found in the blood and tissues of man and ani- 
mals very frequently, but this metal is nob an essential constituent of the 
body, but is apparently absorbed accidentally with the food. The salts of 
manganese in large quantities cause acute irritation of the stomach and in- 
testine, like those of the other heavy metals, but no sjmoiptoms pointing to 
effects from the absorption of the metal are observed even when the adminis- 
tration is continued for a long time.^ Manganese is absorbed from the ali- 
mentary tract, however, but only in very small quantity, and it appears to 
resemble iron closely in its course through the tissues (see page 664). Its 
general action has been elicited by the hypodermic or intravenous injection 
of double salts. In frogs manganese injected hypodermically causes a de- 
scending paralysis of the brain and spinal cord, and later weakens and[ 
arrests the heart, while the peripheral muscl& and nerves seem unaffected. 
In mammals large injections induce epileptiform convulsions, particula];Jy in 
the rabbit and guinea-pig. Smaller quantities, which cause a less acute intoxi- 
cation, induce in the dog, nausea and vomiting, diarrhoea, weakness, som- 
nolence, stupor and death from arrest of the respiration. The urine is often 
increased, and contains bile pigment, and, towards death, albumin and 
casts. The stomach and bowel present no congestion or ulceration in these 
cases. Manganese is found in the vomited matter and the stools, in the 
liver, kidney and intestinal wall, to a less extent in the other organs. In 
acute poisoning in mammals the blood-pressure falls, from depression and 
paralysis of the vaso-motor centre, while the heart is affected only much 
later. In subacute poisoning the darker color of the urine indicates icterus, 
but this is much more marked when small quantities are repeatedly ii\jected 
into the subcutaneous tissues, and chronic poisoning induced. In chronic 
cases the nephritis, which is shown in acute poisoning by albuminuria, is 
also more developed, the inflammation commencing in the secretory cells of 
the kidney but later involving the interstitial tissue, if the animal lives long 
enough. 

Manganese injected hypodermically or subcutaneously, is excreted chiefly 
by the intestinal epithelium, to a less extent by the kidney. 

Preparations. 

Mmgani Dioxidum Preedpitatum (IT. S. P.). Dose, 0.25 G. (4 grs.). ’ 

Mangani Sulphas (U. S. P.) (MnSO^ -f 4 H 2 O), colorless, or pale rose-colored 
crystals with a, somewhat bitter, astringent taste, soluble in water, not in alcohol. 
0. 1-0. 5 G. (2-8 grs.). 

vifanyawi Hypoplmsphis (U. S. P.) (Mn(PH202)2). 0.2 G. (3 grs.). 

^Symptoms ascribed to chronic poisoning have recently been described by E^bden 
as occurring in workmen in manganese. 
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Manganese has been advised in chlorosis and especially in anieporrhc^l 
in which it is believed by many to have a specific action, whiJe others have 
found it of no value in either of these conditions. In anienorrhoea the per- 
manganate of potassium is generally prescribed instead of the dioxide or sul- 
phate, but as it is at once reduced in the stomach, the effect is the same as 
if pure dioxide was administered. 
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Cadmium resembles zinc very closely in its effects. 

Nickel and Cobalt salts, administered to the frog, cause a curious dark 
color in the skin, followed by convulsive movements, which at first arise ap- 
parently from the medulla oblongata and higher centres, and resemble those 
of picrotoxin, but later are reflex from excessive irritability of the spinal 
cord. In mammals the usual symptoms arising from the action on the in- 
testine and kidney are accompanied by tremors and chorea-like movements, 
later by tetanus, and finally by paralysis. Strongly acid food may form 
nickel salts when it is cooked in vessels made of this metal, but no poison- 
ing results, either because the quantity ingested is too small- or because it is 
slowly absorbed from the stomach and intestine. Oobalt nitrate has been 
recommended as an antidote in prussic acid poisoning, as it forms an insoluble 
cyanide, but appears to be of little or no value ; the oxide has been applied 
externally as an astringent, antiseptic powder. 

Tin salts paralyze the central nervous system in the frog, and later the 
heart. In mammals, diarrhoeS., colic, vomiting and general weakness are 
observed, along with paralysis of some parts of the central nervous system 
and i^imulation of others, leading to ataxia, stiflhess and irregularity of the 
movements, and occasionally convulsions. The sulphide is said to be de- 
posited in the lymph spaces of the intestines in the same way as in bismuth 
poisoning, General poisoning may be induced by the administration of the 
salts by the mouth, even when there is no corrosion of the mucous mem- 
brane. Tin is often contained in preserved foods containing acids from being 
dissolved oif the vessels, and is certainly absorbed, for it has been detected in the 
urine after the use of such articles. Apparently it is not often present in sufficient 
quantities to induce poisoning, for although some cases of “tin poisoning” are 
met with in medical literature, in none of them has it been satisfactorily estab- 
lished that tin was the cause. Chronic poisoning from this cause is unknown, 
and animals present no symptoms from prolonged treatment with larger quanti- 
ties of tin than are contained in any preserved foods (Lehmann). 

Thallium salts seem to resemble those of lead in their effects, but have a 
powerful depressant action on the heart, and are said to be more poisonous, 
Eichet states that the injection of thallium acetate in animals is followed by a 
general atrophy of the muscles, especially of those of the j>w and spine, while 
baldness has followed its continual use in man. 

Vanadium presents only the ordinary characteristics of metallic poison- 
ing. The different oxides vary in toxicity, the pyrovanadates being much 
the most powerful. 

Molybdenum and Tungsten resemble each other closely, and induce 
typical metallic poisoning. .... 

Uranium, in addition to the ordinary features of metallic intoxication, 
causes some glycosuria, the sugar often amounting to one per cent, in the 
urine. This may probably be explained by the recently discovered fact that 
this metal retards the reduction of the oxyhsemoglobin of the blood, for 
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to the tissues has been shown to cause some 
.- a iiu^per -.of instances.-. ■• 

■ Sel^UUxn and Xellurium are classed along with sulphur in cheniical sys'^ 
!Ski“* salts of tellorio, selenious and selenio acid induce Symptoms: 
resembling those. of the heavy metals and arsenic in liiany points, and^may 
be inserted in this series. In the frog the symptoms are those of cehi^ 
nervous paralysis, and later of heart ikiiure. In mammals vomiting, punp- 
mg, ^somnolencto, dyspnoea, tonic and clonic convulsions have been not^ 
and the stonwh is found somewhat reddened, the mucous membrane of the 
intestine swollen and dysenteric, while the kidneys seem less affected The 
prspiration is prevented by tellurates, apparently from a paralysis' of the 
secretory nerves similar to that induct by atropine. 
hr««^ poisoning with these bodies is a garUc odor in the 

thi’^^f of the organs ^e fo^d of a grayish color after death, and 
Hofineister has shown that these salts are reduced to 
metallic selemum and tellurium in the body, and that afterwards methvl 

OT^d*^ tb ^ese are volatile, and, exr 

thnria S*''® disagreeable odor. The syn-' 

esis of methyl-tellurium is one of the few known cases in which a com* 

® formed in the animal body, and is of great biological 
5f ' ^ the Mlenmm and tellurium is not excreted in this fom^for 

tome of It appears in the urine, and probably in the fseces, in other combina- 

Tellura,tes have been advised in therapeutics to prevent excessive sweat. 

dose ^ breath persists for days or even weeks after one 

ne?Sin‘^®tf as an injection into the nerves in 

. 1 ?* i intensely irritant substance, and seems to induce ne- 
^ diarrhoea when absorbed. The greater part of the poison is, how- 
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PART V. 

FEEMENTS, SECRETIONS AND TOXALBUMINS. 

L DIOESTIVE FERBIENTS. 

A NUMBER of digestive ferments have been introduced into thera- 
peutics for the treatment of gastric and intestinal disorders. The 
earlier members of the series were proteolytic ferments, intended to 
reinforce the pepsin of the stomach, but of recent years the amylolytio 
ferments have also been strongly advocated. 

Pepsin. 

The pharmacopmial preparations of pepsin are generally obtained 
from the pig’s stomach. Their origin is not a matter of indifference, 
for it has been recently shown that pepsins obtained from different 
species of animals differ considerably in their behavior towards vari- 
ous acids. Pepsin digests only in acid solution, the best results being 
obtained in a solution of 0.2 per cent, of hydrochloric acid. (See Acids, 
page 561.) In alkaline solution it is inert, and in fact is rapidly de- 
composed, so that when pepsin and alkaline carbonates or bicarbonates 
are prescribed together, the effects are due to the alkalies only. 

Pepsin is used in therapeutics on the theory that the stomach does 
not secrete enough of the ferment in certain conditions. But it may 
be questioned whether this is true in even a small proportion of the 
oases treated with pepsin, for the gastric juice is almost always capable 
of digesting proteids if it is acid in reaction. In a number of forms 
of dyspepsia the acid secretion is insufficient, but the ferment is almost 
always present in quantity, for it digests proteids outside the body as 
soon as it is acidulated. Pepsin is indicated then only in the rare 
cases in which the contents of the stomach acidulated with hydro- 
chloric acid fail to digest proteids. It is very often administered in 
other forms of dyspepsia, and certainly does no harm, but there is no 
question that it is entirely, unnecessary in the great majority of the 
cases in which it is prescribed. 

Preparations. 

Pepsinum (U. S. P., B. P.), a proteolytic ferment obtained from the glan- 
dular layer of fresh stomachs from healthy pigs, and capable of digesting 
not less than 3,000 times its own weight of freshly coagulated egg albu- 
min.^ It is a fine, white, amorphous powder or thin scales, free from 

^ The B. P. preparation may be obtained from the pig, sheep or calf and is required 
to digest 2,500 times its weight of hard-boiled white of egg. 
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offensive odor and haV^^ miidly acad or saline usually followed Jby ; 

a suggestion of bitterness. It is soluble in about 100 parts of water, but is 
more Soluble if the water is acidulated, d.3-0. 6 0; (5-10 grsO, in powder^ 
or in solution in 0v2 per cent, hydrochloric acid. ; . 

Pepsin is generally given during or after meals. As has been stated, |t is 
very rarely indicated, as the gastric juice almost always contains sufficient ; 
■■■■'. ferment. 

Glycerinum Pq>dni (B. P.) contains hydrochloric acid. A fluid drachm 
represents 5 grs. of pepsin. 1-2 fl. drs. 

Many other preparations of pepsin are used in popular medicine, to a less 
extent by the profession. Pepsin wines, for example, are often taken as 
tonics and digestives, but the wine is probably of greater efficacy than the 
ferment. In these pepsin wines the ferment is not destroyed, however, as is 
sometimes stated, for pepsin is able to digest proteids in much stronger alco- 
holic solutions than they represent. 

Pancreatic Ferments. 

The pancreatic ferments have also been introduced into therapeutics, 
generally in the form of an extract of the gland, paTiereatin, These 
ferments differ from pepsin in acting only in alkaline or neutral solu- 
tion, and besides digesting proteids, form sugar from starch and sa- 
ponify and emulsify fats. The pancreatic ferments are rendered inert 
by a comparatively short exposure to the acid gastric juice. 

The value of pancreatia is even more problematical than that of 
pepsin, for though it would no doubt be valuable where the digestive 
ferments, particularly those of the pancyeas, were deficient, this has 
not been shown to occur. On the other hand, the pancreatic ferments 
are certainly destroyed in passing through the stomach. It has •been 
suggested, however, that they may act in the stomach, if they are 
given before or with the food, as the acid gastric juice is only secreted ■ 
slowly, and some time must elapse before the pancreatin is rendered 
inert. In cases in which there is a deficiency iii the acid of the gas- 
tric juice, the pancreatin might conceivably act throughout the stay of 
the food in the stomach. Attempts have been made to preserve the 
pancreatin from the deleterious effects of the gastric juice by adminis- 
tering it in capsules which are dissolved only in the intestine^ It is 
certainly possible that the pancreatin may be useful in certain cases, 
where the ferments of the pancreas are absent and the acid of the 
stomach so deficient as not to be destructive, but there is no reason to 
suppose that this series of accidents occurs at all frequently, and it is 
impossible to diagnose inefficiency of the pancreatic secretion. 

Preparations. 

Pancreatinum (U. S. P.), a mixture of the enzymes naturally existing in 
the^pancreas of warm-blooded animals, usually obtained from the fresh pan- 
creas of the pig. It forms a yellowish, yellowish-white, or grayish, amor- 
phous powder, having a faint, not disagreeable odor and a meat-like taste, 
and is slowly soluble in water. 0.1-0. 3 G. (2-5 grs.), in powder or in cap- 
stiles. Kerati;i capsules have been proposed in order to protect the pancre- 
atin from the gastric juice. 

■: _JJMquors. Pancrmtu (B. P.), a liquid preparation^ containing the digestive 



: pifiiiciptes of the fresh paiicreas of tile pig. The pfepai^atioii is most ^tiye^ 
whea the aaimal from which it has beea obtaiued has been fed shortly bo^ 
fore being killed. Two cubic centimetres of the solution ought to digest 
80 c.c. of milk. 

Benger’s Liquor Pancreaticus is a solution of the pancreatic feitnents; 
made up with some alcohol. 

In connection with the digestive ferments may be mentioned an 

extract of the fowPs gizzard, which was a few years ago highly recom- 
mended as a remedy in the sickness of pregnancy, but has proved entirely 
valueless. 

Vegetable Ferments. 

Besides these animal digestive ferments, a number of vegetable proteolytic 
enzymes are known, and have enjoyed a more or less shortlived popularity^ 
Probably many more plant juices are able to digest proteids than are at 
present generally recognized ; thus many of the bacteria liquefy gelatin and 
albumin, and the insectivorous plants such as Drosera (sundew) and Bionea 
secrete a digestive fluid. Figs, pine-apples (bromelin), the scarlet pimpernal . 
(Anagallis arvensis), and many others of the higher plants have been shown 
to possess these ferments, but the best known of these is the Oarica papaya, 
or pawpaw, which contains a digestive ferment known as papain^ papayotin 
ovpapoid. This ferment acts in neutial, moderately acid, or alkaline solu- 
tion at the temperature of the body and in the cold. When swallowed it 
has no effect except its digestive action, but injected into the blood, it is 
said to paralyze the heart and central nervous system, and to cause hemor- 
rhages into the intestine ; it is very irritant in the subcutaneous tissues, 
causing pain and. high fever. It lias been used instead of pancreatin and 
pepsin in disorders of the digestion, and also as an anthelmintic. Diphthe- 
ritic membranes have been treated by the frequent application of papain 
solution (once an hour by some of its advocates, more frequently by others), 
and apparently with success as far as the removal of the membrane was 
concerned; the underlying disease was not favorably influenced, however, 
and the treatment has been abandoned. Papain solution has also been in- 
jected by the hypodermic needle into tumors and abscesses, with the intention 
of digesting the new growth, or accelerating the progress of the abscess 
towards the surface, but the results obtained do not encourage the further 
use of the remedy in this way. Peptones are unquestionably formed in the 
tumors when papain is injected. 

Several milk-curdling ferments have been found in plants, but none of 
them have been used in therapeutics. 

Diastase. 

Several amylolytic or sugar-forming ferments have been used more 
or less in therapeutics, the first of these beiug the diastase or enzyme of 
malty which is known under the names of malt extract, maltzyme, ■ 
maltine, etc. When grain is allowed to germinate, its starch is formed 
into a soluble form (sugar) by means of a ferment known as diastase, 
and it was supposed that this dijistase might aid the digestion of starchy 
foods in the body. When malt extract is formed at a low temperature, 
it unquestionably contains diastase and is capable of digesting starch, 
but haany of the extracts on the market are quite inert, the ferment 
having been destroyed by heat. Those extracts are therefore devoid 
of digestive power, but form a pleasant-, easily digested* food. They 
often contain alcohol, and are then indistinguishable from beer or stout. 
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More recently, some otlier sugar-forming ferrnents have been brought 
forward, notably that obtained from Eurotium oryzce, a mould of the 
aspergillus family. This enzyme is known as from the 

name of its discoverer, Takamine, and is very much more powerful 
than any of the malt extracts, as it digests over one hundred times its 
weight of starch. Taka-diastase has been recommended in cases . in 
which there is supposed to be a deficient digestion of starch. It ceases 
to act in the gastric juice as soon as the acidity exceeds 0.1 per cent., 
but may be able to digest a certain amount of starch in the mouth and 
stomach before it is destroyed. The question at once arises, however, 
whether the ordinary digestive juices are ever unable to digest the 
starch of the food. And although a new form, amylaceous dyspep- 
sia,^^ has been introduced to indicate this class of cases, if they should 
be found to exist, it must be admitted that no satisfactory evidence of 
their existence has been brought forward as yet. It is stated that 
more starch is found to be digested in the stomach after the administra- 
tion of diastase, but this seems to be beside the point, for it merely 
indicates that less starch reaches the intestine for the pancreatic juice 
to act upon. Until it is shown that in some cases the digestion of 
starch by the intestinal ferments is insufficiently performed, the diastase 
preparations would seem to be superfluous. According to Friedenwald, 
diastase increases the digestion of starch in the stomach chiefly in cases 
of hyperacidity, but doubt is thrown on this statement by other in- 
vestigators. 
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n. BILE. 

The bile is very seldom used in therapeutics at the present day, al- 
though it was formerly credited with great healing virtues. It has 
a bitter taste, and may have some effect like the vegetable bitters, but 
has no advantage over these, and is not likely to be used to promote 
the appetite now, although it was formerly used as a stomachic. The 
bile is found to precipitate the peptones in test-tube experiments, but 
does not appear to retard digestion in the stomach materially, judging 
from experiments carried out in a case of gastric fistula. In the intes- 
tine it 'is generall;y believed to act as an antiseptic, chiefly because the 
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stools have a strong putrefactive odor in cases of retention of bile/ 
Limbourg has also shown that the addition of bile to proteid solutions 
delays their decomposition, while there is some evidence that it promotes 
pancreatic digestion. It has some purgative action, as is shown by th^ 
obstinate constipation which often occurs when it is prevented froni 
reaching the intestine; according to Stadelmann, the bile acids irritate 
the mucous membrane of the large bowel and thus induce purgation. 
An obscure relation exists between the drastic purgatives and the bile : 
in the intestine, several of them failing to act in its absence. (See 
page 96.) Bile increases the activity of the fat-splitting ferment of the 
pancreas and thus augments the absorption of fats. Most of the bile 
given by the mouth is absorbed in the stomach and small intestine and 
carried to the liver, which excretes it again, while a small quantity of the 
bile acids escapes in the urine. In the liver it increases the secretion 
of both the fluid and the solids of the bile ; in fact, the bile is the only 
reliable cholagogue known. The constituent which acts on the secre- 
tory liver cells seems to be the bile acids, and their increase is greater 
than can be accounted for merely by the excretion of that administered, 
so that it would seem that they exercise some specific stimulant action on 
the secretory cells. The bile pigment is also augmented when bile 
acids are absorbed, owing to the destruction of the red cells of the 
blood, as the liberated haemoglobin is carried to the liver and there 
formed into bile pigment. 

Bile given by the mouth ^oes not cause any symptoms except those 
from the intestine and liver. When it is injected into the blood, how- 
ever* it depresses the central nervous system and the heart muscle from 
its direct action on these organs, and decomposes the red cells of the 
blood. Muscles and nerves suspended in a solution of bile salts rapidly 
lose their irritability, and some unicellular organisms are killed and 
dissolved by them. The poisonous constituent of the bile seems to be 
the salts of the bile acids, but several authors have stated that the 
pigment is also active. 

Fraser has recently discovered that the bile has considerable virtue 
as an antitoxin. Thus the bile of the venomous suake acts as an 
antidote to their poison, and the bile of other animals has also some 
effect in this direction. This antitoxic action is apparently due to the 
presence in the bile of cholesterin, which forms a loose combination or 
solution with the toxins and retards their absorption into the cells. 
It is much more efficient when it is mixed with the poison before its 
application, than when it is injected after the bite. Frazer adds that 
the bile is also an antitoxin to other poisons, including those produced 
by the pathogenic microbes. Others have found that the bile of ani- 
mals dying of an infectious disease (rinderpest) possesses some curative 
properties in other animals suffering from the same malady, this being 
explained by the excretion of the antitoxin in the bile. 

Bile has been used as a purgative, and it has been particularly 
recommended in the form of an enema. It does not seem to be reli- 
able, however, and presents no advantages over soaps and siinilar sub- 
stances, 
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As a. choiagogue it is without rival, hut no condition is known 
which an increase of the bile secretion is indicated, for though it, has been 
proposed to expel gall-stones by raising the pressure in the gall-ducts by 
ciiolagogues, it is found that when the pressure is only slightly in- 
creased, the secretion is arrested. It is inconceivable that the sinall 
rise in pressure could force out an impacted gall-stone. 

Bile might be used to aid the absorption of fats, particularly when 
it is deficient in the bowel ; in a case of biliary fistula Joslin found that 
much less fat and nitrogenous food escaped in the stools when the 
patient was treated with bile pills, than when no treatment was adopted. 

Pbepabations. 

Fel Bovia (XJ. S. P.), ox gall, the fresh bile of the ox. 

Fel Bovis PuHJicatum (U. S. P.), Fel Bovinum Purificatum (B' P.), is formed 
from the fresh bile by the addition of alcohol, filtration and evaporation to 
pillular consistency. The alcohol is added to remove the mucus of the bilel 
The pigments may be removed by filtering the watery solution through ani- 
malcharcoal. 

Bile is always prescribed in the form of pills made from the purified prep- 
aration. 0.3-1 G. (5-15 grs.). 
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III. INTERNAL SECRETIONS. 

Until very recently the only animal secretions recognized ’ in thera- 
peutics were the digestive ferments, the bile, and a few rarely used sub- 
stances, such as musk. But within the last few years it has been 
shown that certain glands supply the blood constantly with substances 
which are necessary to the economy, and a deficiency in which leads to 
the gravest symptoms. The subject of internal secretion is still in its 
infancy, but therapeutics has already been enriched with at least two 
additions of unquestioned value, and may profit still more by the fur- 
ther exploration of this field. The chief object of organotherapeu- 
tics,^^ or the treatment of disease with extracts of the glands of the 
body (animal extracts), has been to supply a deficiency of the normal 
secretion. At the same time, it is possible that a wider field of useful- 
jiess majr be developed, for there is no reason why these animal extracts 
should not have a true pharmacological action, as well as the vegetable 
extracts. Advance in organotherapeutics is not, however, to be ex- 
pected from the indiscriminate use of the gland extracts in every sort 
of disease, such as is too popular at present. Such progress as has 
been pade hitherto in this field has been ,dne to careful observation 
■>^hd experimeJOit, and not to haphazard use of the hypodermic syringe. 
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Thyroid Oland. 

The treatment of certain diseases by the administration of thyroid 
gland and its extracts is one of the most satisfactory examples of ra- 
tional therapeutic progress, and the steps which led to its adoption may' 
therefore be briefly mentioned. In 1882-3, Kocher and Reverdin ' 
published observations made on patients whose thyroids had been totaliy 
extirpated, and who had subsequently presented a series of symptoms . 
to which these observers gave the name of cachexia thy reopriva. They 
pointed out that this condition resembled in many of its features 
myxoedema, a disease discovered by Gull some years before and asso- 
ciated with atrophy of the thyroid gland. These observations were 
confirmed by a number of authors, who removed the thyroids from 
animals, and found a cachexia appear in them. The next advance 
was the discovery that these symptoms in animals could be removed, 
or at any rate ameliorated, by grafting pieces of thyroid in the peritoneal 
cavity or subcutaneous tissue. Horsley suggested that myxoedema 
should be treated in the same way, and Murray soon afterwards intro- 
duced the treatment of this disease by the subcutaneous injection of 
thyroid juice. Even in his first case, the results were eminently satis- 
factory, but it was soon found that the same results could be obtained 
by administration by the stomach, and a large number of cases have 
now been recorded in which very favorable results, or even the complete 
disappearance of the symptoms has followed this medication. These 
include not only myxoedematous patients, but also cases in which the 
thytoid was removed by surgical operation, or where its disease gave 
rise to symptoms. That the favorable results are due to the treat- 
ment is proved conclusively by the return of the symptoms when it is 
abandoned. 

The effect of the thyroid extract could be explained only by the 
presence of some unknown principle, for the preparation of course con-^ 
tained no living cells. In the last few years, numerous researches 
have been carried out with the object of isolating this principle.^ It 
is found in the colloid contents of the gland follicles in the form of 
a globulin, thyreoglobulin, which may be extracted from the colloid' 
and gives the ordinary proteid reactions, but is characterized by con- 
taining a small percentage of iodine ; Baumann’s detection of this ele-^ 
ment in the thyroid gland was the first intimation that it existed in the 
tissues of the higher animals and man. Thyreoglobulin is not com- 
pletely saturated with ^iodine, for it forms a higher combination with it 
in the test-tube, but then loses its specific action on the animal organ- 
ism. When it is subjected to artificial digestion it forms albumoses 
and an insoluble non-proteid substance known as which 

' No attempt is made to follow the chronological oixler of these researches, 

* Sometimes a thyreoglobulin is found in the gland, which resembles the normal in its 
reactions, but contains no iodine (Oswald). 

* lodothyrin was at fii*st named ThyroMitiy but this was liable to be confused with 
thyreoidm, a term used to indicate the simple extract of the gland. 
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contains practically all the iodirife of the gland. ilL similar result is 
obtained by acting on thyroid gland, colloid, or thyreoglobulin with 
acids. lodothyrin is readily dissolved in dilute alkaline solutions and 
may be reprecipitated by acids. It contains more iodine than thyrep- 
globulin of course, but the exact percentage is still a disputed point, 
for while Baumann originally stated that it contained about ten per 
cent., others have found it as low as four per cent., and Oswald^s analy- 
sis gives no less than fourteen per cent, for iodothyrin obtained by the 
action of acids, and about five per cent, for that formed by digestion. 
Much remains to be done, therefore, before the composition of iodo- 
thyrin can be definitely settled, but it is certain that it is not aproteid 
and that it is rich in iodine and nitrogen, while sulphur is present in 
smaller amount, and phosphorus is not contained in the molecule. 

The amount of iodothyrin in the gland varies a good deal in differ- 
ent animals, and in different individuals of the same species. It was at 
first supposed that in the goitre districts the. percentage of iodothyrin 
in the gland was lower than in healthy areas, and that in cases of 
goitre the percentage was smaller than in normal individuals, but this 
seems to be incorrect, no relation existing apparently between the amount 
of iodine in the thyroid and the presence of endemic goitre. In children, 
less iodine is found' in the gland than in adults, and after middle age 
it lessens again. Meat diet diminishes the amount of iodine, either 
because it makes greater demands on the supply, or because too little 
iodine is ingested in the food. Vegetable, foods, especially those con- 
taining much iodine, such as beetroot and probably the marine algse, 
increase the iodine of the thyroid gland. Iodine given mediciifally 
also augments it, and not only iodine itself, but various combinations, 
such as iodoform and iodides. It is not yet determined whether 
actually more iodothyrin is formed under these conditions, or whether 
that already present contains more iodine. 

A number of other constituents have been isolated from the thyroid 
gland in a condition of greater or less purity, some of them proteids 
and others crystalline non-proteid bodies; but none of them possess 
the specific action of the gland extract and in fact none of them have 
been shown to induce any effect at all except those which it may be 
supposed contained iodothyrin. On the other hand, thyreoglobulin 
and iodothyrin induce the same effects as the extract both in myxce- 
dema and goitre in man and in excision of the thyroid in animals. This 
has been disputed until recently, owing to the fact that in many cases 
the parathyroid glands have been removed along with the thyroid in 
animal experiments. Now the removal of the parathyroids in dogs 
(on which the experiments have generally been performed) leads to a 
series of symptoms arising from the central nervous system, and these 
are not affected by thyroid medication. When the thyroid alone is 
removed, the symptoms are relieved by iodothyrin, thyreoglobu- 
lin, or thyroid extract. lodothyrin, therefore, represents the whole 
therapeutic virtues of thyroid extract, although it is possible that the 
^ii^ud ni^ hav^ other fiinctions than its secretion, Iodothyrin , and 
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thyroid extracts are thus used to replace the secretion of the thyroids 
gland, when it is deficient from any cause. The function of the thy- 
roid gland is still very obscure, however, although it is now certain 
that it is of great importance in the metabolism, as is clearly shown by 
the disastrous results of its removal or atrophy. The results of the 
injection of the thyroid extract have also thrown much light on the 
working of this mysterious organ. 

Action.— The thyroid extracts and iodothyrin seem to be devoid of 
effect in many normal animals and patients, unless when given in enor- 
mous quantities. In others they cause some unpleasant symptoms, 
which occur more especially in myxoedema and goitre. These symp- 
toms are partly subjective and indefinite, such as headache, wandering 
pains, or general weakness, while others arc evidently due to circula-' 
tory changes, and consist of a feeling of fullness and congestion of the 
head, palpitation of the heart, and acceleration, sometimes weakness, 
of the pulse. Tremors in the arms and legs point to changes in the 
central nervous system, while loss of appetite and diarrhoea indicate 
that the alimentary canal is not exempt from its influence. Perspira- 
tion is often complained of, especially in myxoedema, and a rise of 
temperature also occurs not infrequently. 

In normal animals iodothyrin injected intravenously in large quan- 
tities generally accelerates the heart and lowers the blood-pressure 
somewhat, and even when given by the mouth repeatedly for several 
days, it causes some acceleuation. This acceleration of the heart has 
been attributed by some investigators to stimulation of the accelerator 
centl’e, by others to direct action on the heart ; it does not seem to be 
due to any changes in the inhibitory apparatus. 

Loss of flesh and thirst have been observed, even when the appetite 
is good and sufficient food and water are supplied. The urine is uni- 
formly increased in amount. A number of observers have found 
that the continued administration to animals of thyroid preparations in 
large amounts leads to diarrhcea, muscular weakness, especially in the 
hind extremities, emaciation, gastro-enteritis, nephritis, and fatty degen- 
eration of various organs. In other instances no such symptoms have 
been elicited, the animals remaining perfectly normal after prolonged 
treatment. 

Some of the symptoms induced in man by an overdose of thyroid 
resemble those seen in exophthalmic goitre or Graves^ (Basedow^s) 
disease, and exophthalmos has been observed in monkeys to which 
large amounts of thyroid were given. 

As may be gathered from the above, great discrepancies occur in the 
accounts of the effects of thyroid on normal animals. The accelera- 
tion of the heart and ihe ,fall in weight seem to be the most common 
results. 

The effects of thyroid extract on the Metabolism have been repeat- 
edly examined, with very uniform results. One of the most striking 
features ill many individuals is the rapid loss of weight, which often 
amounts to several pounds per week. Another is the increase in the 



amount of nitrogen in the urine, which occurs^ 
myx<ndenia^ often in apparently nortnal p^sohs. l^orn ^ 

trogen is excireted in the urine frequently than is taken in the 
that is to say, the iodothyrin leads to the destruction of the proteids of 
the tissues. If more nitrogenous food be given, however, this may be 
arrested, and in fact if large quantities of meat be taken, less nitrogen 
may be excreted than is taken in the food, so that although the palient 
is losing in weight, he may be actually increasing in nitrogenous tis- 
sue. If, on the other hand, a patient has been put in nitrogenous 
equilibrium, and then under iodothyrin begins to excrete more nitro- 
gen than he ingests, this excessive tissue waste is not stayed by in- 
creased carbohydrates and fats ; that is, the carbohydrates and fats 
cannot replace nitrogenous food to the same extent as in normal individ- 
uals. Iodothyrin has thus a specific effect in increasing the waste of 
the proteids of the body. But this increased waste of the proteids 
only accounts for about one-sixth of the loss of weight, the other five- 
sixths being evidently due to the more rapid oxidation of fats and the 
removal of fluid from the body.^ The more rapid oxidation is further 
evidenced by the increased amount of oxygen absorbed and of carbonic 
acid exhaled by the lungs in cases of myxoedema and sometimes in 
obesity and goitre treated with the extract. The removal of fluid from 
the body, perhaps th.e most potent factor in reducing the weight in 
these cases, is shown by diuresis, which occurs in myxcedema especially, 
but also in obesity. This diuresis has begn ascrited to some specific 
action on the kidney, or to the changes in the circulation, but may per- 
haps be due to the increased excretion of urea and other urinary^sub- 
stances. That the kidney is acted on in some cases is shown by the 
occasional appearance of albumin in the urine of patients treated with 
thyroid preparations. 

The phosphates excreted are increased in the same ratio as the nitro- 
gen, and the increase is obviously due to the same cause, augmented 
proteid waste. 

In some cases sug:ar has been found in the urine after thyroid treat- 
ment, and in a considerable percentage of persons it seems to cause a 
tendency to glycosuria, as is shown by the appearance of sugar in the 
urine after the ingestion of large quantities of sugar, which would 
normally be oxidized in the tissues. The uric acid excretion does not 

seem to be materially affected by thyroid treatment. 

^ After iodothyrin has been administered, iodine is found in the urine 
in the form uf iodides, so that the iodothyrin is evidently decomposed, 
at any rate in part, in the body. The rest of the iodine is taken up 
by the thyroid gland, and it would appear probable that it enters into 

JSchondorff states that in nitrogenous equilibrium the oxidation of the fats is in- 
creased before the proteids of the body are attacked, but when the fat destruction has 
leached a certain point, the proteid waste is also increased. The early augmentation of 
the nitrogen of the urine does not indicate an acceleration of the proteid metabolism, 

: i^^^e to the removal of urea and other products, which have been form^ in the 

befq:^e the administration of the remedy, but which are now excreted through 
activity of the kidneys, ^ ^ 
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it in iodotliyriny and that no preliminary dech^po^itioii^ 

..';^curs' here^: ■ ■ ' . -"'H 

In regard to their reaction to thyroid medication, individuals vary consid*. 
erablyi for many are scarcely affected by it in anyway, and this is particu- 
larly true of children, while others lose weight rapidly, and under largei? 
doses show symptoms of poisoning (thyroidism). These seem to be inpro: 
easily elicited in goitre- and myxoedema than in ordinary cases. On the; 
other hand, in Gravels disease the symptoms are generally aggravated by ■ 
thyroid treatment, although a few cases are recorded in which it gave relief. 
Many authorities therefore believe that Grave’s disease is due to the over- 
production of iodothyrin, but this has not yet been proved^ although there 
is considerable support for the theory. 


Fig. 61 . Fig. 62 . 



A case of sporadic cretinism. Fig. 51, before treatment, age 23 months, height 28 inches, cir- 
cumference of the abdomen 19 inches. Fig. 62 after treatment with thyroid extract for months, 
height 30 inches, circumference of abdomen 15 inches. (Oslkb.) 


The fact that ‘Hhyroidism occurs more frequently in myxoedematous 
than in normal persons seems difficult of explanation, but it has been sug- 
gested that the symptoms are due not to the iodothyrin itself, but to the 
products of its action. It may be supposed that in myxoedema a large 
amount of some substance accumulates in the tissues, because the iodothyrin 
i-i not present in sufficient quantity to decompose it, and that when the thy- 
roid treatnient is commenced, the body is flooded with the products of de- 
composition and these gi VO rise to symptoms. In normal persons, on the 
other hand, there is no such accumulation, and iodothyrin therefore induces 
no symptoms until it is given in such quantity as to induce intoxication it-?^ 
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self. In G^rave’s di^ase the iodothyrin would, of course, tend to aggravate 
the symptoms, if these are due to its excessive produotioh. Until more is 
learned of the action of iodothyrin and of the cause of Grave’s disease, how- 
ever, these explanations are mere hypotheses, and they need not be entered 
upon fhrther here. 

Iodine, as has been stated, increases the iodothyrin of the gland, and this 
perhaps explains the beneficial effects formerly seen in goitre from the applica- 
tion of iodine internally and locally. When iodine was efficient in those 
cases^ and any considerable diminution of the gland occurred, it was often 
accompanied by symptoms exactly resembling those produced by large doses 
of iodothyrin. Those symptoms were caused by small quantities in some 
patients, while much larger doses had no such effects in others— -a fact which 
gave rise to some discussion and several erroneous theories. Sometimes the 
acute symptoms passed into a cachexia of very long standing. The quan- 
tity of iodine required to act in goitre is much greater than the iodine of the 
iodothyrin necessary, and this shows that the latter acts not merely as an 
iodine compound, but as the specific substance of the gland. Various iodine 
compounds, such as iodalburain and iodospongin (the iodine compound of the 
sponge) have been shown to be practically inert in goitre.^ 

PUEPABATIONS. 

Thyeoideum Siccum (B. P. ), Glandule Thyeoideas Sicc^ (U. S. P.), 
a powder prepared from the fresh and healthy thyroid gland of the sheep. It* 
forms a light, dull-brown powder with a faint, meat-like odor and taste, free 
from any odor of putrescence. About 16 grs. represent an entire gland. Dose, 
0.2-0.6 G. (3-10 grs.). 

Liquoe Thyeoibei (B. P.), a liquid prepared from the fresh and healthy 
thyroid gland of the sheep, and containing sofhe phenol. A pinkish, turbid 
fluid, entirely free from any odor of putrescence. It ought to be freshly pre- 
pared. 6 c.c. (100 mins.) represent an entire thyroid gland (5-15 mtns.). 

Thyroid medication may be carried out in a number of different ways. 
The old method of ordering the raw or toasted gland to be taken daily may 
now be said to be rendered obsolete by more elegant preparations, such as 
dried thyroid or thyroid extract in powder form or in pills or tablets, or the 
liquor. These ought not to be prescribed in large quantities as they are 
liable to undergo putrefaction unless when carefully kept ; iodothyrin tablets 
have also been introduced, each containing 0.001 G. (^V gr.) or more of iodine. 
The dose should be small at first (e. g,, i gr. of the dried gland or 2-3 mins, 
of the liquor every evening for the first week of treatment) and should be 
gradually increased, until improvement sets in or unpleasant symptoms 
arise. 

Therapeutic Uses. — Iodothyrin is not a dangerous remedy, unless in 
certain cases. In myxoedema, however, it should be used with care, 
especially if the heart is seriously affected, as the cardiac muscle may 
be unable to meet the requirements of the accelerated rhythm ; several 
serious cases and one or two fatalities have already been recorded in 
these conditions. 

Iodothyrin is useful as a substitute for the normal gland secretion 

^ In this account of the action of the thyroid extract and its constituents, the gen- 
view has been given, namely, that the thyroid gland secretes a substance 
into the blbod which is necessary to the normal life of the organism. It must be added 
that Bli^ advocates the theory that the thyroid gland retains its colloid substance in 
it^ interior and employs it to destroy a poisonous proteid formed in the course of metab- 
olifo.: 'Thif grounds for this view seem quite inadequate,- however, and the reader may 
;fee tefenied^ the nttmerous papers of Blum on the subject. 
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in <5as^ where the latter is wanting or deficient, as in myxoederna^ 
cachexia thyreopriva, goitre and sporadic cretinism. In all of these 
the medication has to be continued for a long time, perhaps through- 
out life, as otherwise the patient relapses into his former condition. 
The (iecrease in weight occurring in thyroid medication suggested its 
use*in obesity, and it has been followed by some loss of weight in a ^ 
certain number of cases, especially when accompanied by proper die- 
tetic treatment. In many instances it has had little or no effect, how- 
ever, and the initial encouraging action is seldom maintained when the 
treatment is continued, the daily loss of weight gradually becoming 
smaller until it ceases altogether. The ampunt of fat actually de- 
stroyed seems to be trifling, Magnus-Levy estimating that about one 
pound disappears in ten days, which is much less than can be got rid 
of by judicious exercise and an appropriate dietary. Besides the 
continued use of thyroid in these cases is not altogether devoid of 
danger. 

In some skin diseases, especially in psoriasis, it has been of benefit, though 
not by any means invariably, and in syphilis of old standing some improve- 
ment has been seen. This is probably due to the iodine contained, and not 
to the specific gland secretion. At the same time the peculiar combination 
in which the iodine is present may perhaps be more easily made use of by 
the economy than the ordinary inorganic preparations. 

The improvement seen in the brain symptoms in myxoedema and cretin- 
ism suggested its use in other mental diseases, but the action in the former 
is due to its substitution for tne normal secretion, and little or no effect has 
followed in ordinary cases of mental disease. 

In* Graves’ disease it seems generally to be injurious. A curious relation 
appears to exist between thyroid and the thymus gland, for the administra- 
tion of the latter is often attended by some relief in this disease. 
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Other Internal Secretions. 

Extract of the Suprarenal or Adrenal Glands. See p. 468. 

The extracts of the Pituitary Body or rather of its posterior lobe or in- , 
fiipdibular body, cause some changes in the circulation, owing to their con-? 
tainingtwo substances which have been termed the pressor and depressor ’ 
bodies. The arterial tension is increased by the extract or by the pressor ; 
body, but the rise is smaller than that induced by suprarenal extract, 
although it is maintained longer. The renal vessels are not contracted ana 
some diuresis occurs. The heart is slowed, partly, through inhibitory 
action, partly from direct action on the muscle. The depressor body causes 
a transient fall in the blood-pressure. The hypodermic injection of large 
quantities ,of the extract is followed by paralysis in mammals. Schiff 
•found that extract of the hypophysis caused a ^marked increase in "the " 
excretion of phosphates in a case of acromegaly and in a healthy old man, 
whil| it had no effect on a younger individual ; he attributes this to the ex- 
tract tending to increase the destruction of the bone tissue. Acromegaly is 
genially regarded as being connected in some w^ay with disease of the hy- 
.|^ophysis, but the extract does not seem to modify the disorder in most cases, 
i^^lthough improvement has been stated to occur sometimes. 

^ ^ The Thymus Gland has been found to contain minute quantities df an 
iodine compound, which may be identical with that of the thyroid. Svehla 
found that the injection of an extract into the veins caused considerable ac- 
celeration of the pulse with some depression of the blood-pressure. The 
acceleration was found to be due to direct action on the heart, the fall of the 
blood-pressure to paralysis of the vaso-constrictors. Very large quantities 
i caused restlessness, collapse and death. Thymus extract has been advised 
in exophthalmic goitre, and is said to be of some value in a certain number 
of cases, but does not beiieht most patients. 

The excision of the Pancreas in animals is followed by the appearance of 
sugar in large quantity in the urine, and in many cases of diabetes in the 
human subject the pancreas is found diseased, so that this gland seems to 
secrete some substance which is required by the tissues to enable them to • 
maintain the normal amount of sugar in the blood. Extract of pancreas has 
therefore been administered in diabetes, but as yet wijbhout satisfactory re>r ; ^ 
sulfe in the ordinary form of the disease. ii 

Bone Marrow extract and Spleen extract have been given in pernicious . 
anmmia in order to increase the number of the red cells, and many other 
extracts of organs have been proposed, often on the most extraordinary i 
grounds. It was not to be expected tha^^ese extracts of brain, heart, li^er, - 
kidney, prostate and lung would prove W benefit in the diseases of these ' 
organs, and experience has shown that they may without exception be rele- 
j^tefi to the realms of quackery. . 

One extract deserves mention on account of the attention it has attracted, 

^ and the infiiuence it has had on the theory of organotherapeutics— the ex;- 
jitract of the Testicles. The use of testicular extract was flrst recommended 
by Brown-Sequard in 1889, as having a general tonic effect. He was led to 
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V ^ the consideratioii that the sexual power is diniinished ih ' 

advanced life and made the bold step from thiSj that ona of the ofl-iiafta ; 

of the internal secretion df the t^^s j 
of youth might, however, be obtained by extracting the organs in 
f^yarious ways.' It is surprising how' widely this thi^^ry has been accepted, 
and ^with what zeal all sorts of preparations of the testicles and ovaries, in<, 
eluding the unaltered human semen, have been used in therapeutics, andj it 
must be added in justice to the observers, in experiments upon themselves.' 
While there is no question that the removal of these organs exercises an im- ' 
portant influence on a number of organs and tissues, there are no suMcient 
grounds for believing that the testicular extract has any effect whatsoever ; 
except through hypnotic suggestion. Two investigators have Recently atr 
tempted to demonstrate the increase in the muscular strength by means of 
the ergograph, but the results obtained by means of this instrument in other : 

■ investigations have proved so deceptive, that little weight is to be laid on 
their results. Loewy and Richter state that extract of testicle increases tlie 
Pfoxidatlon in the tissues of male c^trated animals, but not in normal male 
animals or in castrated females ; extract of ovary (pophoHn) has a similar 
effect on the castrated female. 

Instead of the extract of testicle, spermine^ an alkaloid* found ip the testicle , 
chiefly, but also in a number of other organs, has been proposed by Poehl. 
According to this author, it is an important facl^r in the oxidation of the 
tissues, and a number of symptoms of disease are due to its being preclpi* 
tated in the form of the phosphate and thus rendered inactive, this being 
especially liable to occur whenever the alkalinity of the blood is reduced in 
any way. PoehPs spermine has therefore been advised in a large number 
of diseases, and in fact is considered by some almost a panacea. His state- 
ments are not/ounded on any satisfactory experimental or clinical observa- 
tions, and have met with little credence from experienced physicians. Sper- 
mine was at one time supposed to be identical fwith piperazine but this ha||| 
pro^d to be erroneous. 
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■ vr. TOXALBUMmS.:- 

; A s^ribs of bodies^ whose existence has only been recognized in the laat 
few yeai’s, but whose importance in medicine is ever increasing, is that of 
the poisonous proteids or toxalbumihs. The idea that a proteid can pro- 
duce dangerous or even fatal symptoms, or act in any way except as a food, 
dates only from 1884, but many m the animal poisons are now believed t<S be 
of proteid nature, and the toxins formed by the micro-organisms of disease 
are almost certainly of the same general class. The description of most 
of these must be relegated to the text-books on bacteriology and pathology, 
blit some toxalbumins which are associated with drugs in daily use deserve 
short mention, 

Ricin is an intensely poisonous globulin found in the seeds of Rieinus 
communis along with castor oil, which does not itself contain this principlfej 
however. Ricin is poisonous in doses of about milligram gr.) per 
kilogram body weight when it is injected into the blood, and is somewhat 
less poisonous when applied subcutaneously, but seldom causes any symp- 
toms when swaUowed, as it is apparently destroyed for the most part by the 
digestive ferments. It is thus among the most powerful of the vegetable 
poisons when it is injected directly into the blood. Death often occurs only 
several days after the injection in animals, and in the interval no symptoms 
make their appearance except some loss of appetite, and towards the end, 
diarrhcea and vomiting. Post-mortem, the bowel is found inflamed and 
congested and contains ecchymoses ; blood is found in the serous cavities, and' 
extravasations may occur in various other organs, although not so uniformly 
as in the bowel. Among the most obvious lesions are the innumerable 
ecchymoses in the great omentum and the swelling of the abdominal 
lymph-glands, which generally contain numerous small ha 3 morrhages. 
Microscopical examination reveals small foci of necrosed tissue in the 
liver, spleen, intestine, stomach and other organs. Ricin seems to Ijp ex- 
creted by the intestinal epithelium, which may explain the violence of its 
action here, although it acts as a poison in many other tissues. Tt is a 
powerful irritant, inducing inflammation and suppuration when it is injected 
subcutaneously, or is applied to the conjunctiva. On the other hand it has 
little or no irritant action on the mouth and throat, and is digested and 
rendered harmless in the stomach. The mucous membrane of the nose is 
irritated by the inhalation of the powder in many persons. This toxoglobu- 
lin has a very characteristic action on the blood. When a drop of a dilute 
solution is added to a test-tube of defibrinated blood, the corpuscles soon 
fell to the bottom, leaving the clear serum above, and the blood does not filter 
through paper any longer, the corpuscles all remaining on the filter, the serum 
passing through colorless. This is due to the agglutination of the red cells, 
-which are formed into masses and thus fail to pass through the pores of the 
filter. Fibrin does not seem to be formed in the process,, as was at one time 
supposed, but the nature of the cementing substance is unknown. Stillmark 
supposed that ricin formed these masses of red cells in the blood Vessels, and 
that the symptoms were due to the emboli resulting, but this is certainly in-' 
correct, for the blood of immune animals reacts in the same way, yet these ^ 
are not poisoned by many times the usual fatal dose of ricin. 

Ehrlich found that animals rapidly acq^uired immunity to the action of 
ricin, if they received for some time small non-toxic doses. From this dis- 
covery has arisen the whole of serum-therapeutics, which plays such an im- 
portiint r61e in medicine at the present time. By gradually increasing the 
daily amount of ricin, rabbits have attained an immunity of 5,000, that is, 
they are not affected by 5,000 times as much ricin as would have killed ; 
them had no preliminaiy treatment been instituted. This immunity is e^r ^ 
tirely different from the tolerance acquired for morphine and other, drugs, 
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for the latte? is due to the cells of the body hecomiiig accustomed to being'; 
constantly bathed in a fluid containing the alMoid. The same tolerapce 
is acquired by various marine animals, which would be killed if suddenly 
changed to fresh water, butwhich are gradually acclimatized, if the change is 
made more gradually by adding increasing proportions Of fresh water to 
the sea water of the aquarium. The immunity acquired fbr ricin and other 
:tox:£tlbumins is, on the contrary, due to the formation in the body of a sub* 
stance which antagonizes the original poison, and which is known as ah 
antitoxin, in this case antiricin. This antagonistic substance circulates in 
the blood, and can be withdrawn from the immune animal and injected into 
a; second, which then acquires a certain degree of immunity, although less 
than that of the first. In tolerance, then, the tissues become indifierent to 
the poison; in immunity they form an antitoxin. Antiricin is antagonistic 
"only to ricin ; it does not protect an animal from any other toxalbumin, 

Bicin and antiricin are not used in therapeutics, but ricin has repeatedly 
given rise to poisoning, fromi the beans being taken as a substitute for the 
-oil. Cattle have also been poisoned by being fed on the refuse of castor oil 
beans after the oil had been expressedi 

Another vegetable toxalbumin which resembles ricin very closely in its 
effects is Abrin, which is obtained from the seeds of Abnis precatorius or je- 
quirity, the familiar scarlet, and black beans,' which are often formed into 
necklaces. Abrin contains two poisons, a globulin and an albumose, of 
which the former is the more powerful. It induces the same symptoms 
as ricin, but is less poisonous, and immunity can be acquired in the same 
way. Animals which are immune to ricin are not more resistant to the ac- 
tion of abrin than others, because the two poisons, form difterent antitoxins. 
Abrin or jequirity has been used as an irritant to the eye in cases of granu- 
lar lids and of corneal opacities. It causes an acute infiammation which 
improves the condition in sonm cases, but it must be regarded as an exceed- 
ingly dangerous remedy, as the inflammation is entirely beyond the control 
of the surgeons. In animals the eye is often completely destroyed by the 
application of abrin, while in other experiments enough of the drug is ab- 
sorbed to cause fatal poisoning. 

Grotin is another toxalbumin, which is found in the Croton Tiglium, but 
which does not pass into croton oil. It is less poisonous than ricin and ab- 
rin, but resembles them in most other points, except that it does not cause 
agglutination of the blood cells of certain animals, while ricin and abrin 
have this effect in all kinds of blood hitherto examined. Many other plants 
contain toxalbumins, but none of them have aroused so much interest as 
those mentioned above. 

Many animals produce proteid poisons, such as the snakes, the poisonous 
lizard, Heloderma siispcctum (Gila monstij^^everal amphibia and fish, and 
the scorpions and spiders (tarantula). ^^Bfc^other hand, several insect 
poisons which resemble these poisons in irritant action arid in some 
other points, have been shown not to be^Heids. An antitoxin for snake 
poison has been introduced recently und^^he name of antivenin, and is 
found in the bile of poisonous snakes and in smaller quantities in that of 
other animals. These animal poisons and the bacterial poisons, however, 
^'can be treated of with advantage only in special text-books. 
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Gpd4iver oil has been long used by the fishermen of the Sea 

; as a remedy in children's diseases, and was introduced into Eaedicine 
in the beginnirig of last century, but became generally used only in ^ 
the last fifty years. . 

It is obtained from the liver of the cod-fish (Gadus morrhua), and 
probably from other members of the genus. Formerly the livers Mrere 
left to decompose, and the oil set free by the breaking up of the cells 
was collected. It had a most disagreeable odor and taste, howeVer, 
and many patients could not be induced to take it, while those who 
were courageous enough to swallow it, often suffered from eructa.tion 
and diarrhoea afterwards. This method was therefore soon replaced 
by the steam-process,^^ in which the oil is melted out of the fresh 
livers, yielding an oil of much lighter color, and with much less dis- 
agreeable smell and taste. Quite recently a new process has been intro- 
duced, by which the oil is extracted by steam, without being exposed 
to the air, and it is stated that oil thus obtained is less disagreeable 
than any other. 

The cod-liver oils used in therapeutics differ considerably in appear- 
ance and in composition, the older preparations being brownish in 
color, and having a strong fishy odor and a somewhat acrid, disagree- 
able taste, while the oil prepared by the more recent process is pale 
yellow in color, and has much less odor aii^ a bland taste. 

Cod-liver oil probably contains the ordinary constituents of an ani- 
mal fat, olein, stearin and palmitin, but the relative proportion in 
which these are present is unknown. Some free fatty acid is gener- 
ally found in it, the darker preparations containing some 4-7 per cent.* 
the pale yellow oil less than one per cent, as a general rule. 

Iodine and bromine are present in traces, apparently very much smaller 
in amount than is generally believed. The usual statement is that 0.03- 
0.04 per cent, of iodine and 0.003-0.005 of bromine exists in the oil, but some 
oils have been found to contain only about one-hundredth of this amount of 
iodine. 

Phosphorus is found in traces in some oils, in an organic combination, 
not in the free state. A small percentage of cholesterin is often, not invari- 
ably present, and bile acids and pigments have been said to occur, but this 
seems incorrect. A number of bases have been found in cod-liver oil by 
Gautier, especially in the darker colored varieties, while the pale yellow 
oil contains little or none. These bases or alkaloids (leucomaines) are 
Butylamine (C^HuN), ArnyUbmim (CgH^N), Hexylamine (CgH^gN), Dihy- 
drolutifiine (C^HjiN) and two new non-volatile ones, Aaseline m.d Morrhiiine. 
They were found combined with morrhuic, formic, butyric and other acids. 
iHmethyldmine has also been said to occur in it. 

CodJiver oil has no very distinct action when taken in ordinary 
doses, while in large quantities it has a tendency to cause eructation, 
nausea and diarrhoea. Taken repeatedly, it increases the weight and 
strength, and improves the general condition. The same effects are 
obthi^ed jn hM persons by the use of good food and fats, but deli- 
,icate^^^ are unable to digest ordinary animal fats, are able 
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to take cod-livet oil. Its efiects are obviously those of an easily 
similable food, and it is not a drug in the ordina-ry sense of the term^ 
and has therefore no place in ph^rinacojogy properly speaking, but 
should be classed along with other foods. It is always treated of as- 
a drug, however, because it has often been supposed to have some spe-*-; 
cific effect quite apart from ordinary foods. It is generally believed: 
to differ from ordinary fats in being more readily assimilable, but the V 
explanation of this fact is by no means agreed upon, for though it is 
often said to be more rapidly absorbed from the intestine, there is litr 
tie reliable evidence that siich is the case. A few experiments have 
been carried out, but by no means enough to establish the truth of the 
statement satisfactorily, and the chief argument brought forward in 
its support is that cod-liver oil forms an emulsion in tlie test-tube 
' more rapidly than other oils. It is undoubtedly well borne by the 
stomach, but it has not been often compared with other oils in regard 
to this point, arid it is still impossible to state that other Oils adminis- 
tered with the same care as cod-liver oil are not equally successful 
remedies. 

' Buchheini explained that cod-liver oil formed an emulsion rapidly 
on account of the free acid it contained, and this has generally been 
put forward as accounting for its effects in therapeutics. As far as 
regards the old dark-colored oils, this explanation may hold good, but 
the pale oil now used in therapeutics often contains less free acid than 
ordinary olive oil. Some enthusiastic supporters of Buchheim^s theory 
have, therefore, asserted that the pale oil does not give the same results 
as tlie older, less pure, acid preparations, but this is not the general 
opinion of the medical profession. 

The older explanations started from the view that cod-liver oil is a drug, 
that the oil itself is only a means to administer certain active principles 
contained in it. Thus iodine and phosphorus were in turn supposed to be 
the essential constituents, but have both been shown to be present in too 
small quantities to be of any effect. More recently cholesterin has been 
suggested as the curative ageht, but it is present in smaller quantities in 
cod-liver oil than in many other foods. 

Lastly the bases have been credited with lending cod-liver oil all its vir- 
tues. But the pale oil contains only traces of these, and again the state- 
ment has been made that the brown oil is superior. An attempt has been 
made to support this theory by examining the urine of persons under treat? 
ment with the bases separated from the oil. The urine has been found in- 
creased in amount, the urea augmented, the less oxidized forms of nitrogen 
diminished, but these experiments are of no value, because apparently no 
measures were taken to keep the amount of food ingested constant. 

Several substitutes for cod-liver oil have been proposed, such as Lipanin 
(v. Mering), which is formed from olive oil by the addition of 6 per cent, of 
oleic acid, and which was suggested by the theory that cod-liver oil owes its 
rapid absorption to the presence of free acid. A mixture of cacao butter 
and oleic acid has also been introduced, as well as oil of sesame and olive 
oil. On the theory that the bases were the indispensable part of the oil, 
Morrhuol, a crude mixture of bases, acids and pigment, has been introduced 
into therapeutics and used to some extent, but it has not proved a substitute 
for the oil in practice. Liimnin has been used only to a limited extent, and 
has not been able to. supplant cod-liver oil, although, like oil of sesame and 
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olive oil^ it has the advantage of being much less disagreeable in smell a^ 
taste. This tnay perhaps be due to the conservatism of the medical profess 
eion, raj^her than to the special merits of cod-liver oil. 

On the whole, cod -liver oil has not been shown to have any action 
apart from that of an easily digested food, and its superiority to Some 
other fats an^ oils has not been satisfactorily established. 

Preparation. 

Olbttm MoRRHUiE (U. S. P.j B. P.)> cod-liver oil, Oleum Jecoris Aselli, 
a fixed oil obtained from the fresh livers of Gadus Morrhua and of other 
species of Gadus, — a pale yellow, thin, oily liquid, with a peculiar, slightly 
fishy, but not rancid odor, and a bland slightly fishy taste. 4-16 c.c. (i-4 
fi. drs.). 

Emulsum Old Morrhu<B (TJ. S. P.), 50 per cent. 8 c.c. (2 fl. drs.). 

Emulmm Olei MorrhvxE cum Hypophosphitibus (U. S. P.), 50 per cent, cod-liver 
oil. 8 C.C. (2 fl. drs.). 

Therapeutic Uses. — Cod-liver oil is used in chronic wasting diseases, 
such as tuberculosis, scrofula, rickets and some forms of syphilis. It 
is especially beneficial in the earlier stages of pulmonary phthisis, but 
has no specific virtues here or elsewhere apart from those of an easily 
digested fet. In all forms of malnutrition and delicacy in children, it 
is largely used, and undoubtedly causes a considerable increase in 
weight, but care must be taken that it does not disturb the digestion, 
especially if the darker oils are used. In some persons pure cod-liver 
oil always induces nausea, but a much larger number refuse to take 
the brown oil. In most cases the light-colored oil is taken readily, 
especially if the dose be small at first (a teaspoonful). When there is 
dyspepsia or a tendency to diarrhcea, cod-liver oil should be given 
with caution, and it is generally prescribed only in cold weather, 
as it is found that patients have a distaste for it in summer. When 
fever or acute disease is present, cod-liver oil is generally found of 
little value, perhaps on account of the disturbed condition of the 
digestion. Cod-liver oil should not be forced oil patients; when it 
continues to induce nausea and eructation after a fair trial, it should 
be abandoned. 

Innumerable means have been proposed to conceal the odor and 
taste, but it is generally conceded that when possible the pure oil is 
better given alone. When patients cannot be induced to take it in 
this way, some volatile oil, ether, or brandy may be added to it;- 
saccharine has also been used to sweeten it. Creosote is sometimes 
mixed with cod-liver oil in cases of phthisis, or an emulsion is formed 
containing cod-liver oil, some flavoring substance, iron, hypophos- 
phites or calcium. Extract of malt and cod-liver oil form a common 
mixture, and are the basis of many patented emulsions. 

In general, the pale oil is preferred, but it must be added that some 
physicians persist in the use of the darker forms, which contain more 
bases and/more free acid, but have a much more disagreeable taste and 
^smeli| and are more liable to disturb the digestion. Of the substitutes 
;fpr cod-liver oil, lipanin has little taste and is generally taken readily. 
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Il iHay be given shaken up in milk or formed into an emulsion. Olive 
oil is equally valuable and is generally considered more j^latable. 
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VL PHLORTOZm.^ 

Phloridzin is not used in therapeutics, but has attracted some attention 
from its effects in animals, and may therefore be mentioned shortly; It is 
a glucoside + 2 H 2 O) found in the rootbark of the apple, pear, 

cherry and plum tree. When given in large quantities by the mouth it 
sometimes causes some diarrhoea in animals, but apart from this its only 
effect is glycosuria, which also follows its injection subcutaneously or intra- 
venously. The urine is found to contain *5-15 per cent, or even more of 
sugar, sometimes along with acetone and oxy butyric acid, so that the intox- 
ication seems at first sight to resemble diabetes mellitus in man very closely. 
Phloridzin induces the same Results in man, and the glycosuria is not accom- 
panied by any other symptoms generally. It differs from true diabetes, 
ho\yever, in the fact that the sugar of the blood is not increased in amount. 
The glycosuria is not due to any change in the general metabolism of the 
body, therefore, but to some alteration of the renal epithelium, by which 
the blood sugar escapes into the urine instead of being retained in the body 
and used as a source of energy. This has been definitely proven by Zuntz, 
who showed that when phloridzin was injected into one renal artery, the 
urine secreted by the corresponding kidney contained sugar, while that from 
the other remained normal for some time. As the available sugar is drained 
off in the urine, the tissues rapidly manufacture more and pour it into the 
blood. As long as sufficient food is given, the loss of sugar does not seem to 
entail any increase in the destruction of the proteid tissues, but when phlo- 
ridzin is given to starving dogs, the waste of sugar has to be made up from 
the tissues, and the nitrogen of the urine accordingly rises in amount, while 
at the same time the liver cells become infiltrated with fat globules. The 
statement that the sugar of the milk is increased by phloridzin has proved 
to be incorrect. 

Glycosuria may be maintained for an indefinite time if the administration 
of phloridzin be continued, and animals recover rapidly when the treatment 
is stopped. The glucoside is probably excreted in the urine unchanged, 
although this has not been quite satisfactorily demonstrated as yet. Phlo- 
ridzin may be decomposed into a sugar, phlorose, and phloretin, which also 
induces glycosuria. 

Syzygium Jambolaniim, or Jambul, a tree growing in South America and 
in the East Indies, is said to contain some unknown substance which has a spe- 
cific action in diabetes. Several clinical observers have noted improvement 
in some cases, but others have seen no result whatever follow, and as a general 

' Phloridzin is not in any way related to the other drugs of this part, and has only , 
been inserted here because no suitable position could be found elsewhere, 



wle no sufficient estimation of tiie sugar of tiie urine was jin^de in 
wiiicli the tb be successful/ Some experime^^^^ 

\auimals seem to indicate it modihes the sugar formation iu thb tissu^i 
but cannot be accepted uu^ they are confirmed by further reseaixb. 
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: ; i SfENSTRUA AND MECHANICAL REMEDIES. £ 

Oleum Theobromatis (U. S. P.^ B* P.), cacao-butter, a fixed oil expressed 
fn>m the seeds of Theobroma cacao, forms a yellowish-white solid having a ; 
faint, agreeable odor and a bland, chocolate taste. It melts a little below 
the temperature of the body. Cacao-butter is used almost exclusively to 
form suppositories, in which astringents and other remedies are incorporated. 
When these are introduced into the rectum, they melt and the active pirin- 
ciple is liberated. 

Keratin ( not official ) is a substance obtained fi*om horns, hoofs, nails, etc., 
which is insoluble in the gastric juices, but is dissolved by the alkaline pan- 
creatic secretion. It is used to coat pills which it is desired to protect from 
disintegration in the stomach. 

Kaolinum (B. P. , U. S. P. ), or porcelain clay, is used in the formation bf 
pills containing easily reduced bodies, such as silver nitrate or potassium per- 
manganate. Mixed with the ordinary vegetable excipients, such as confection 
of roses, or extract of liquorice or gentian, these salts would be reduced at once. 
Kaolin is an aluminium silicate and forms a soft whitish powder insoluble in 
water or dilute acids. 

Cataplasma .Kaolini (U. S. P.), kaolin moistened with glycerin and applied 
as a poultice. 

Sapo (U. S. P.), Sapo Duras (B. P.), hard soap, white Castile soap, is pre- 
pared from soda and olive oil. 

Sapo Mollis (U. S. P., B. P.), soft soap, sapo viridis, a soap made from 
potash and olive oil. 

Sapo Animalis (B. P.), curd soap, soap made with sodium hydroxide and 
a purified animal fat consisting chiefly of stearin ; it contains about SO per 
cent, of water. 

These soaps are used in therapeutics as ingredients of liniments and plas- 
ters. Water containing soap is often thrown into the rectum as an enema, 
and in infants a soapstick inserted into the anus generally provokes evacua- 
tion of the bowels in a few minutes. 

Soaps impregnated with antiseptics, such as perchloride of mercury , car-- 
bolic acid, tar, or iodine, are often used to disinfect the hands. 

The chief preparations in which soap is used in the pharmacopoeias are ; 

Emplastrwm Sapohia (TJ. S. P., B. P.), soap plaster. 

Linimentum Saponis (U. S. P., B. P.), soap liniment. 

Linimentum Saponia Mollia (U. S. P., B, P.). 

The liniments consist of alcohol with soap in suspension, perfumed with 
' volatile oils, and are mildly irritant to the skin. They are used largely as 
bases for other liniments. 

The use of the oils, fats and glycerin as vehicles for the application of 
remedies to the skin has been mentioned already (page 49). They may alsp 
be used to dissolve remedies which are insoluble in water, but which are to ’ 
be given by the mouth, such as phosphorus (in oil). 

Wax (cera alba, cera flava) is used chiefly to increase the consistency of 
ointments. A special series of preparations somewhat stiffer than the oint- 
ments are the cerates of the U. S. P. 

Plasters are sticky adhesive substances which are chiefly. used to give me- 
chanical support, but which are often impregnated with active remedies in 
order to elicit their local actioii on the skin. The basis of many of the plas- 

m 
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ters is plaster^ which is ohtamed by the action of lead oxide on oUve pil 
and consists for the most part of lead bleate. 

EmpMrum Fhmhi (tJ. S. P., B. P.^ lead or diachylon plaster. 

EmplaMrum Adh(m (U. S. P.), Jteaince (B. P.), adhesive plaster. 

Eniplmtrum SaponU (U. S. P., B. P.), soap plaster. 

Empiasirim Opii i^. B. P., B. P.), opium plaster. 

Empia^irum BeUamnr^ (U. S. P., B. P.), belladonna plaster. 

Emplastrum Fids (B. P.), Burgundy pitch plaster. 

Emplastrum Capsid S. P.). 

Emplaj^tmmCcUefadm8(fi.V,)yyr2ixmmgp\e^\^T. 

Emplastrum Cantharidis (B. P.). 

Emplastrum Hydrargyri (U. Si P., B. P.), mercury plaster. 

Emplastrum AmTmnioAii cum Hydrargyro iJA* 

Emplastrum Plumhi lodidi (B. P.). 

Emplastrum MmtM (B. P.). 

Court plaster is formed from isinglass, the dried swimming bladder of sev- 
eral species of sturgeon, which is dissolved in water, alcohol and glycerin 
and painted on taffeta. Isinglass difTers from lead plaster and its deriva- 
tives in being transparent, so that if it be spread on a flesh-colored cloth, it 
disfigures the hands and face less than the others. 

Lead plaster, resin plaster and isinglass plaster are used only to cover and 
protect cuts and abrasions, and to keep the edges of wounds in apposition. 
The adhesive plaster and isinglass plaster are superior to lead plaster, as they 
stick more firmly. It is perhaps unnecessary to add that plasters are alvrayn 
applied spread on cloth. Opium and belladonna plasters are believed to 
lessen pain locally as well as to give support, but this is perhaps imaginary. 
Belladonna plaster is said to lessen the secretion of perapiration and of milk. 
The pitch, arnica, menthol and capsicum plasters have some irritant action, 
and this is of course more marked in the case,, of the warming plaster and 
cantharides plaster. Some mercury is absorbed when the mercury plasters 
are applied to the skin, but this method of administration allows of eveij^less 
accurate dosage than inunction, and is seldom used. Iron plaster is devoid 
of any properties apai*t from those shared with the others. 

Another series resembling the plasters in their sphere of usefulness is 
formed by the Collodia. Their basis is pyroxylin, or soluble gun cotton, 
which is formed from cotton by the action of sulphuric and nitric acids, and 
which consists of a mixture of nitrates of cellulose. Collodion is formed by 
dissolving pyroxylin in a mixture of alcohol and ether. When these evapo- 
rate, there remains a fine layer of pyroxylin, which protects the surface to 
which it is applied and gums the edges of slight cuts together. This collodion 
is rendered less brittle by the addition of Canada turpentine and castor oil in 
small proportions, and is then known as flexible collodion. A blistering 
collodion is formed by the addition of powdered cantharides to the flexible 
preparation. Another preparation contains tannic acid. 

Fyroxylinum (XJ. S, P., B. P.), soluble gun cotton, colloxylin. 

Collodium (U. S. P., B. P.), collodion. 

CoZ/odmm (U. S. P., B. P,), flexible collodion. . 

CoUodium Cantharidatum (U. S. P.), Collodium Vesicana (B. P.), blistering 
collodion. 

Collodium Stypticum contains 20 per cent, of tannic acid. 

Instead of collodion, india-rubber, Caoutchoue (B. P.), Elastica (U. S. P.), 
may be dissolved in chloroform and applied in the same way. 

Calcii Sulphas Exsiccatus (TJ, S. P0> Dried Cypsum, used to impregnate 
bandages, which then become hard and immovable. 



classification of drugs according to 

THEIR THERAPEUTIC USE. 


I. Drugs applied for their local action 
to the skin, wounds, or visible 
mucous membranes. 

Corrosives or caustics. 

Potash, 640 
Mercury nitrate, 650 
Potassium and sodium carbonate, 
540 

Silver nitrate, 686 
Zinc chloride, 684 
Nitric acid and other acids, 555 
Chromic acid, 699 
Burnt alum, 695 
Bromine, 682 
Arsenic, 603 
, Lead nitmte^ 670 

Trichloracetic acid, 563 
Ammoniated mercury and other 
mercury preparationik 050 
(Soda, 540) 

, (Sodium ethylate, 545) 

(Lime, 564) 

(Carbolic acid, 393) 


Bismuth preparations, 692 
Lead acetate, 670 
Zinc sulphate and oxide, 683 
Copper sulphate, 680 
Alum, 695 

Styptics. 

Soluble astringents (see above). 
Iron perchloride, 655 
Silver nitrate, 686 
Burnt alum, 695 

To contract vessels and reduce hemorrhage 
and swelling. 

Cocaine, 298 

Siipiurenal extract (adrenalin), 

Emollients or protectives. 

Emollients, 49 
Plastera and (^^ollbdia, 728 
Dusting-powdera — starch, talcum, 
chalk, and many insoluble me- 
tallic powders, which may also 
be slightly astringent, 53. 


Disinfectants and antiseptics. 


Hydrogen peroxide, 587 
Permanganate of potassium, 589 

diid.,562 “^"6 

Formaldehyde, 423 J 
Carbolic acid, 393 
Corrosive sublimate and other 
mercury salts, 650 
Silver nitrate, 686 


Zinc chloride, 684 
Boracic acid, 578 


Iodoform, lodol, 517 
Cresol, 399 


Tar, 405 

Salicylic acid, 408 
(Benzoic acid, 419) 

(Camphor, 426) 

(Sulphites, 629) 
(Sulphocarbolates, 417) 

(Volatile oils (thymol, eucalyptol, 
etc.)) 


Astringents. 

Tannic acid series, 109 
Iron preparations, c. o., sulphate, 
655 


Loc(d anodynes and analgesics for pain 
and itching. 

Bicarbonate of potassium, 541 
Cocaine, Eucaine, Orthoform, etc., 
298 

Carbolic acid, 393 
Chloretone, 186 
(Prussic acid, 238) 

(Atropine, 276) 

(Aconite, 328) 

(Veratrine, 388) 

Local ancesthetics. 

Cold by evaporation of ether, etc., 
181 

Cocaine and Eucaine, 298 

II. Dru^s used for affections of the 
alimentary tract. 

Mouth and Throat (see Section I.). 
DemuleentSf 45 
Chlorates, 522 
Ammonium chloride, 496 
Cubebs, 75 

To lessen salivation. 

Atropine, 276 


729 
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Volatile oil series, 66 
^ ^ Adds (citric), 654 

Syrup of Tolu, Ginger, etc. 

Stomach.- 

* 

Pepsin, Papain, etc., 705 
Hydrochloiic acid, 561 

Emetics. 

CJommon salt, 486 
Mustard, 88 
Warm water. 

Apomorphine, 234 
Ipecacuanha, 339 
laitar emetic, 629 
Copper sulphate, 682 
Zinc sulphate, 686 
(Alum, 696) 

(Ammonium carbonate, 551) 
To lessen irritation itnd vomiting. 
Opium, 206 
Chloral, 186 
Lime-water, 565 
Bismuth, 692 
Cerium oxalate, 695 
Md (ice). 

Cocaine, 298 
Carbonic-acid water, 580 
Demulcents, 45 
(Prussic acid, 238) 

To lessen acMUy, antacids. 

Potassium and Sodium cai'- 
bonate and Bicarbonates, 
540 

Magnesia and Magnesium cai^ 
bona te, 540 

Lime-water and chalk, 565 
Lithium carbonate, 540 



mei and.; 

tions, 634 , , 

Sulphur, 573 
Enemala. 

Glycerin suppositories, 51 


: To lessen movement and relax spasm, 
Opium and Moiphine, 2()6 
Tannic acid series, 109 
Lime-water, 565 
Lead acetate, 670 
Bismuth, 692 

Atropine (to relax spasm), 
(Alum, 695) 


To destroy parasites — anthelmintics. 
Male fern, 116 
Pomegmnate, 119 
Cusso, etc., 118 
Santonin, 120 
Calomel, 634 
Said, 408 

(Some volatile oils). 
(Chloroform, 178) ■* 

(Thymol, Naphtol, 400) 
(Quassia enema, 56) 

Disinfectants and antiseptics. 

(Vegetable and Saline p\}i:ga- 
tives). 

Mercurial purges— Calomel, 
634 

Naphtol, 403 
Said, 408 

in. Drugs used for their effects on 
the circulation. 


To increase secretion, hitters. 

Simple bitters, 56 
Nux vomica. Strychnine, 195 
Cinchona and Quinine, 353 
(Hydrastis, 229) 

(Salicin, 413) 

Carminatives. 

Volatile oil carminatives, 61 
Alcoholic preparations. 
Carbonic acid watens, 580 
Carbonates and Bicarbonates, 
540. 

‘ Bitters (see above). 

Camphor, 426 
Charcoal, 577 

Ammonium carbonate, 540 
(Peppers, 72) 

Intestine. 

■ ^^promote digestion. 
i ¥ (Pancreatin, 706) 

^ .(Diastaise, 707) , ' ■ ■ 


Heabt, 

To strengthen contraction. 

Digitalis group, 435 
To accelerate pulse. 
Atropine, 276 
(Camphor, 426) 
(Caffeine, 244) 


To slow the pvlse. 

Digitalis group, 435 
Aconite, 328 
Veratrine, 334 
Strychnine, 195 


Vessels. 

To eontroLct calibre and raise blood* . 
pressure. 

Digitalis, 435 
Strychnine, 195 
Caffeine, 244 
Camphor, 426 
Ergot, 472 





To relax nemls arid lomr hl(iadn^^\l^ 
ppeemre. 

To amst internal hemorrhage 
{slyptuey 
Ergot, 472 

Hydrastine and Hydrasti- 
nine, 229 

Opium and Morphine (to 
allay restlessness). 

To remove fluid ( dropsy ^ anasarca). 
Digitalis series, 435 
Diuretics (see Kidney , be- 
low). 

Saline cathartics, 630 
Diaphoretics (see Skin, be- 
low). 

(Vegetable cathartics, 93) 
(Salicylic acid, 408) 

IV. Drugs used for their effects on 
the genito-uriuary system. 

2b increase the flow of unne (diureties). 
Cadeine and Theobromine^ 244 
Digitalis and Squills, 435 
(Turpentine, Uva Ursi, Sco- 
, parius). 

Nitmtes, 527 
Acetates, 550 ^ 

Citrates, iodides of the alkalies, 

606 

• Carbonates, 640 

Mercury — calomel and blue 
pill, 634 

To render th>e urine less acid. 

Alkali carbonates and bicarbon- 
ates, 540 
Acetates, 560 
^ Citmtes, 550 

2b render the urine antiseptic. 

Copaiba series, 74 
Salol and Salicylates, 408 
Sodium sulphocarbolate, 417 
Borax, 678 
Urotropin, 425 

Local antiseptics, astringents, ano- 
dynes, caustics, etc., are used in 
the ui’ethra and bladder. 

2b promote contraction of the uterm 
(ecbolics). 

Ergot, 472 
Quinine, 353 
(Pilocai*pine, .Sll) 

(Cottonroot-bark, 480) 

(Hydrastis, 229) 

2b promote menstruation {emmena- 
gogvos). 

Iron, 655 

Vegetable purgatives— aloes, 93 
(Myrrh). 


l>rngs lised for libbdr efBeicts bn tbbl: 
■ '■reBpiratb^y^^^ste^n..■■;-. 

2b stimulate the re^rdttny^ i^ . ; i ■ 
Atropine, -276 ■ 

Cafleine, 244 
Camphor, 426 
Strychine, 195 
(Alcohol?). ; 

To reduce the irritability of the centre 
cough. 

Opium, Morphine, and Codeine^ 
206 

(Heroine). 

Chloral senes, 186 
Bromides of the alkalies, 500 

2b increase and liquefy the bronchial 
secretion. 

Ipecacuanha, 339 
Tartar emetic, 629 
Squills, 435 
Senega, 346 

Ammonium carbonate, 551 
Iodides* of the alkalies, 506 
(Lobelia, 275) 

2b lesmn the secretion of the bronchi (^), 
Benzoic acid, Benzoin, Tolu 
Balsam, 419 

Ammonium chloride, 496 
Cubebs, 73 

To relax bronchial spasm (?) in asthma. 
Belladonna and Atropine, 276 
Lobelia, 275 
Nitrite series, 464 
Iodides, 506 

(Charta potassii nitmtis, 527) 
(Aspidosperma, 352) 

VI. Drugs used for their effects on the 
central nervous system. 

Stimulants, 

(а) The spinal cord. 

Strychnine, 195 

(б) The brain and medulla oblon-^ 

gala. 

Atropine (cocaine), 276 
Camphor, 426 
Caffeine, 244 

Depressants. 

(a) To paralyze sensation — Genr 

end ancpjitheiics. 

Ether, Chloroform, Nitrous 
oxide, 163-186 

(b) To induce sleep arid rest — hyp- 

notics or ruircotics. 

Opium and Morphine, 206; 
Alcohol, 129 
Chloml group, 186 
Bromides, 600 

Hyoscine, 276 v ' 

Cannabis indica, 232 
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To ^ — analgesics or arir 

Oijtgnes. 

Opium, .206 
Cannabl^ 232 
.Antipyrine series, 369 
(Alcohol, 129) 

(Chloml, 186) 

(Ai'senic, Iodides, Quinine, 
Nitrites are sometimes of 
value in headache). 

VII. Drugs used to reduce fever tem- 

perature. 

Antipyrine and Acetanilide group, 

Quinine, 353 
Aconite, 328 
Salicylic acid group, 408 
Diaphoretics (see below). 
(Resorcin, Guaiacol, 401) 

VIII. Dru^s used for their effects on 
the liver. 

To increase the secretion of hilcr—cholor 
gogues. 

Ox-gall, 708 
( Sa licy lie acid, 408 ) 

IX. Drugs used for their effects on the 

blood. 

To increase the hemoglobin. 

Iron, 655 
Arsenic, 603 

To increase the alkalinity. 

Alkali carbonate group, 540 
Acetates and Citrates, 550 

X. Drugs used for specified diseases. 

In malaria. 

Quinine, 353 
Arsenic, 603 

In syphilis. 

Mercury, 634 
Iodides, 506 

In rheumatic fever. 

Salicylates, Salol, 408 

In myxoedema and some other thyroid dis- 
eases. 

Thyroid extract, 711 
In gout. 

(Colchicum, 343) 

XI. Druf^susedfortheireffectsonthe 

skin. 

Corrosives or caustics^ 729 
Emollients and proteciiveSf 729 
Local anodynes and anmtheticsj 729 
Lritants. 

Turpentine oil greup, 86 
Mustard, 88 
(^ntharides, 89 
< ^ptonoil, 97 

j ; Tartar emetic, 629 


Camphor,426 \ 

Menthol, 426 
Iodine, 513 
Ammonia, 551 
(Aconite, 328) 

(Verati-ine, 334) 

Disinfectant or iiritant ainimentb in 
parasitic skin diseases. 

Mercury ointment, 634 
Sulphur ointment, 573 
Tar, 405 
Ichthyol,407 

Benzoin, Storax, and Peiu bal- 
sam, 418 

Naphtalin and Naphtol, 403 
Resorcin, 401 
Thymol, 400 
Pyrogallol, 402 
Chrysarobin, 102 
Camphor, 426 
Boi acic acid, 578 
lodol and other organic iodine 
compounds, 517 

Organic bismuth preparations, 
695 

Alum preparations, 697 
Arsenic, Iodide of Potassium, etc., 
may be used internally in skin 
diseases. 

Drugs administered internally to increase 
the secretion of perspiration {dior 
* phoreticH or sndoripcs). 
Ipecacuanha, 339 

and other nauseatinj^ ex- 
pectorants (antimony). 
Ipecacuanha and Opium (Do- 
ver’s powder), 339 
Camphor, 426 
Pilocarpine, 311 

Drugs administered iniet'nally to lessen 
secretion of perwiration. 

Atropine and Belladonna, 276 
Agaricin, 297 
Camphoric acid, 426 

Dmgs applied locally and internally to 
arrest the secretion of milk 
Atropine. 

Xlli Drugs used locally for their 
effects on the eye. 

Astringents^ 729 
Disinfectants, 729 
Caustics, 729 

Anodynes and anaesthetics, 729 
Drugs dilating the pupil and relaxing 
the accommodation — mydriaties. 
Atropine and Horaatropine, 276 
Cocaine, 298 
(Gelseminine, 263) 

Diugs contracting the pupU and the 
ciliary muscle— myoties. 
Physostigmine or ferine, 320 
•Pilocarpine, 311 
(Muscarine, 311) 



INDEX 


The preparations are not mentioned in the index unless when they are met wi^ 
text apart from the chief constituent— c. g., Tinctura digitalis will be 

but Lead plaster is indexed, because it occurs apart from lead, h or metallic salts, see the 
text under the metal— c. g., for Mercury perchloridc, see Mercury. 


A bies excelsa, 86 
Abrin, 84, 721 
Abrus precatorius, 721 
Absinthe, 426 

Absorption from the alimentary tract, 32 
lungs, 32 
I'ectum, 34 
skin, 33, 49 

subcutaneous tissues, 33 
wounds, 34 
Acacia, 47 

catechu, 113 
A. G. E. mixture, 179 
Aceta, 40 
Acetal, 127 
Acetaldehyde, 425 
Acetenilide, 369, 380 
Acetate of ammonium, 650 
Acetates, 549 
Acetic acid, 563 
ether, 71, 180 
Acetone-chloroform*, 127 
Acetoperacid, 688 
Acetophenone, 127 
Acetphenetidine, 380 
Acetylene, 126 
Acid, acetic, 563 
agaric, 297 
angelic, 334 
arabinic, 47 
arsenic, 604 
arsenious, 604, 616 
benzoic, 387, 419 
boracic, 578 
boric, 578 
bromacetic, 127 
butyric, 127 
cacodylic, 604 
catfeotannic, 353 (note) 
cambogic, 103 . 

camphoric, 298, 426, 431, 433 
carbolic, 385, 393, 397 
carbonic, 580 
cathaitinic, 99 
cetmric, 69 
chavacinic, 72 
chloracetic, 127 
chi'omic, 591, 699 
chrysophanic, 99, 102 


Acid, cinnamic, 386, 419, 420 
citric, 569 
ci'esotinic, 386, 417 
crotonpleic, 98 
digallic, 112 
ergotinic, 472, 478 
tilicic, 116 
flavaspidic, 116 
formic, 563 
gallic, 109, 112 
gallotannic, 112 
gymnemic 302 (note) 
hydriodic, 510 
hydrobromic, 504 
hydrochloric, 561 
hydrocyanic, 68, 238 
hydrofluoric, 521, 562 
hydrosulphuric, 575 
jalapinic, 103 
lactic, 564 
lupulinic, 58 
meconic, 206 
muriatic, 561 
nitric, 560 

nitrohydrochloric, 561 
ophelic, 59 
opianic, 229 
osmic, 702 
oxalic, 564 
oxybenzoic, 417 
oxynaphtoic, 417 
pannic, 116 (note) 
phosphoric, 562 
picramic, 421 
picric, 421 
piperinic, 72 
polygalic, 347 
propionic, 126 
pmssic, 48, 68, 238 
pyrogallic, 385, 402 
quillaiac, 347 
quinic, 353, 549 
quinonic, 353 (note) 
ricinoleic, 98 
salicylic, 385, 386, 408 
santoninic, 120 
selenic, 702 
selenious, 702 
sclerotinic, 478 

m 
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sulfanilicy 612 
8ulpliuriqj^560 
sulphurous, 562 
tannic, 10^ 

triehloiacetic, 663 
tix)pic, 276 
valerianic, 73 
Acids, 37, 655 
fatty, 663 

of the methane series, 127, 663 
organic, 663 
Acocantheia, 435 
Acoines, 311 
Aconine, 328, 332 
Aconite, comparison with antipyretics, 383 
digitalis, 466 ^ 

Acpnitme, 328 
Aconitum, 328, 333 
, Acorin, 70 

Action, cumulative, 28 

relation between chemical composition 
and pharmacological, 24 

A * indirect, general, 23’ 

Actol, 591 
Adeps, 60 
lanae, 50 

Adhesive plaster, 88, 728 
Adipis, oleum, 61 
Adjuvants, 28 

; , Administration of drugs, 30 
Adonidin, 436 
Adonis, 436 
Adrenal extract, 459 
Adi*enalin, 459, 462 
-®ther, 177 
aceticus, 180 

-Athens nitrosi spiritus, 470 
AEthylis carbamas, 193 ’ 

chloridum, 177 
Affinity, elective, of drugs, 22 
Agaric, 297 
Agaricin, 297 
Agaricus, 297 
rauscarins, 311 
Age in ralation to dose, 26 
Agropyrum repens, 48 
Agrostemma, 347 
Ague, brass^foundera^ 684 
Agurine, 251 
Airol, 695 

Alanin-mercury, 654 
Alapurin, 60 
■Albaspidin, 116 
Alcohol, 86, 127, 129 
arayi, 144 
; butyl, 126, 144 
food value of, 139 
•' methyl, 144 
PWTI»126,126,144 
. AltJOnpl^hl^’oform gj'bup, 125 


Alcoholism, chronic^ 160 ^^ . 
Aldehyde, 128 
formib, 423 . 

Alkaline eailihs. /Sfee Gdcium, 
Strontium. , 

carbonates, 640 
hydrates, 540 
Alkaloids, 35 . 

Alkasal, 697 
Allspice, 67 
Almond, 238 
bitter, 67, 238 
oil, 61 ' 

sweet, 48 
Aloe, 101 
Alo^ 99 
Aloin, 67, 99 
Alsol, 697 
Althfisa, 47 
Alum, 624, 695 

ammonioferric, 664* 

Alumen, 697 
Aluminium, 696 
Alumnol, 697 
Am^ita, 311 
Amidocamphor, 426 
Ammonia, 561 
Ammoniacum, 87 
Ammonias, substituted, 499 
Amnioniated mei-cury, 660 
Ammonium acetate, 660 
bases, 499 
benzdite, 419 
bromide, 504 
carbonate, 651 
chlorate, 622 
chloride, 499 
citrate, 553 
iodide, 610 
salts, 258, 499 
Amygdala amara, 67, 238 
duicis, 48 

Amygdalae, oleum expressum, 61 
Amy^alin, 48, 67, 238 
Amyl alcohol, 144 
nitrite, 464, 465 
Amylaraine, 722 
Amylene, 126 

hydrate, 126, 191, 193 
Amylquinine, 268 
Amylum, 48 
Anacardium, 92 
Anacyclus, 72 
Anaesthesia, general, 153 
infiltration, 307 
intraspinal, 308 
local, 180, 307 
ragional, 308 
subarachnoid, 308 
Anaesthesin, 310 
Anaesthetics, general, 163 
local action of, 180 
mixtures of, 179 
preparations of, 177, 180 
Anagallis, 707 
Analgen, 360 
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V/ ^nesthb^^ 179 
. : ^^Tietlii fmctus, 67 
Angostum bark, 59 
r AnWonium, 238 
■ Aiiiiine, 36, 369, 424 
Animal extracts, 710 
6oap, 727 
Anion, 484 
Ani^y 67 
oil of, 68 

, Anisol, 386, 400 
Anodyne, Hofiman’s, 180 
Antacids, 645 
Antagonistic effects, 29 
Anthelmintics, 115 
Anthemis, 67 
Anthracene purgatives, 99 
Anthiuqumone, 99 
Anthrarobin, 103 
Antiarin, 436 
Antiaris, 435 

Antidote, the ameiiic, 666 
Anfifebrine, 369, 380 
Antihydrotics, 298 
Antimoniuretted hydwgeii, 633 
Antimony, 48, 621, 629 
Antinosin, 519 . 

Antipyretics, 369 
Antipjrine, 369, 380 
Antiricin, 721 
Anti^ptic solution, 597 
Antiseptics, 385 
Antithermine, 369 
Anti venin, 721 
Antozone, 587 
Apalache tea, 244 
Aperients, 94 
Apocodeine, 107, 236 
Apocynin, 436 
Apocynum, 435 
Apolysine, 370 
Apomorphine, 234 
Apple seeds, 238 s 
Aqua regia, 561 
tofana, 603 
Aquffi, 38 

hvdrogeni dioxide, 589 
of volatile oils, 70 
rosae, unguenturn, 50 
Aqueous preparations, 38 
Arabinj 47 
Araroba, 103 
Arbutin, 77 

Arctostaphylos uva ui-si, 77 
Argentamine, 691 
Argenti cyanidum, 243 
Ai'gentic prepamtions, 690 
Argonin, 691 
Argjrria, 688 . 

Aiicine, 353 (note) 

Aristochine, 364 
Aristol, 619 


im^X. ' 

Aristolochia, 57, 69 
Aristolochine, 67 
Armbraci^ 7^,^ 88 
Amoraciae, spir. cb., 69 
Arnica, 67, 86 
Amicin, 69 
Aromatic bittersj 70 
elixir^ 69 

fluidextiact, powder, 71 
series, 385 
spirit, 70 

Arsenate, iron, 667 
Ai’seni i(^idum, 617 
trioxidum, 616 
Arsenic, 603 
antidote, 667 

Arseniiiretted hydrogen, 616 
Ai’senous acid, 604, 616 
Arsine, 616 
Artemisia, 120 
Asafoetida, 73 
Asagi’fiea, 334 
Aseptol, 417 * 

Asiatic pill, 616 
Aspidin, 116 
Aspidinol, 116 
Aspidium, 116 
Aspidosamine, 352 
Aspidospenna, 352 
Aspirin, 386, 414 
Asseline, 722 
Astiugalus, 77 
Astringents, metallic, 624 
vegetable, 109 
Atropa, 277, 291 
Atropiimine, 277 
Atropine, 234, 276, 292 
Atj’oscine, 277 
Attar of roses, 68 
Auiantii cortex, 67 , 
vinum, 145 
Auri chloridum, 698 
Azulene, 61 

B JFjL fruit, 59 
Balsam, 37, 419 
Canada, 86 
copaiba, 76 
gurjun, 77 
of Peru, 419 
tmumatic, 419 
of Tolu, 419 
BaLsamodendi’on, 88 
Barbadoes nuts, 97 (note) 
Barbaloin, 99 
Barium, 435, 572 
Barley, 48 
Barosma, 77 
Basham’s mixture, 667 
Baths, 490 

iron and steel, 662 
Bearberiy, 77 
Bebeerine, 59 
Bebeeru bark, 59 
Bebirine, 59 
Beei-s, 145 



Belkdoniia, 276, 291 
plaster, 728 
B^iljjSiprihme, 277 
BellitU'opine, 277 
. Bengal quince, 59 
Berlne, oil of, 51 
Benzaconine, 328, 332 
Benzanilide, 369 
Benzene, 385, 392 
Benzoates, 418 
Benzoic acid, 380, 418 
fenzoin, 419 

flowers of, 419 
Benzoinated laixl, 50 
Benzol, 385^ 392 
Benzopei'acid, 588 
Benzoylecgonine, 298, 306 
Benzoylmorpliine, 216 
BenzoylpeTOxide, 588 
Berberine, 55, 57, 58, 229 
Bergamot, oil of, 68 
Beryllium, 495 (note), 696 : 
Beta-oucaine, 310 
Betol, 386, 412 
BetiilsB, ol. vol., 68, 413 
Bhang, 232 
Biberine, 59 
Bicarbonates, 540, 545 
Bichromate, 699 
Bile, 96, 708 
BircJi, oil of, 83, 86, 412 
Bismuth, 624, 688 
Bitter almonds, oil of, 68, 238 
Bitters, 37, 55 
aromatic, 70 
Bittersweet, 347, 351 
Black draught, 101 
di*on, 219, 220 
wash, 653 
Blackbeny, 113 
Bland’s pills, 666 
Blazing star, 347 
Bleaching powder, 583 
Blister, flying, 90,ir628 
Blistering collodion, 91 
Blood, therapeutic, use of, 669 
Bloodroot, 227 
Blue mass ointment, 652 
pill, 652 
Blumea, 426 
Boletus laricis, 297 
Bone black, 578 

marrow, extract of, 718 
Bones, burned, 572 
Boracic acid, 578 
Boral, 697 
Borax, 578 . 

Boric acid, 578 
Borneo-camphor, 74, 426 
Bomeol, 426, 430 
Bornylaraine, 426 
Boroglycerin, 579 
Bougies, 31 
Brandy, 72, 145 
Brassfon^ere* agu^ 684 
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'Bnayera,.. 118 ; ■ ' ■ ' • ■ . 

Bromacetic acid, 127 
Brpmai, 191 ' 

. Bromated camphor, 426, 503 
Bromates, 525 
Bromelin, 707 
Bromides, 500 
Bromine, 582 
Bromism, 500 
BromofoiTn, 128, 191, 193 
Brornol, 397 / 

Bromum, 583 
Broom, tops of, 264 
Brown mixture, 48, 219 
Brown-Sequard’s fluid, 718 
Brucine, 195, 203 
Bryony, 103 

Buchheim’s classification, 42 
Buchu, 77 
Buckthorn, 102 
Bufonin, 4^5 (note) 

Bufotulin, 435 (note) 

Bunge’s theory of iron, 6e58 
Burgundy pitch, 86 
plaster, 728 
Burnett’s solution, 686 
Buttonbush, 422 (note) 

Butyl alcohol, 144 

chloral, 127,190, 193 
Butylamine, 722 
Butyrates, 550 
Butjrric acid, 127 
Buxine, f 5, 58 

/lACAO, 244, 258 
\J butter, 31, 40, 254, 727 
Cachets, 41 

Cacodylates, 618 (note) 
Cacodylic acid, 604 
OactacesB, 228 

Cactus grandiflorus, 435 (note) 

Cade, oil of, 405 

Cadmium, 701 

Csesium, 495 

Caffeine, 244 

Cajuput, oil Of, 68 

Calabar bean, 195, 320, 324 

Calabarine, 195, 203, 320. 

Calamus, 70 

Calcis, liquor, 570 

Calcium, 565 

bromide, 504, 572 
carbonate, 571 
chloride, 570 
glycerophosphate, 572 
hydrate, 570 , 
hypochlorite, 583 
hypophosphite, 530 
lactophosphate, 572 
peroxide, 589, 590 . 
phosphate, 572 
sulphate, 672, 728 
sulphide, 675 

Galefaciens, eraplastrum, 728 
Cali nut, 320 

1 /-virv\ 1 ■ ‘ A 1 



Calujjjibin, 66, 57 
,C^x,470 

. chloi'ata, 683 
sulphurata, 576 
Cambogm, 105 
Camphor, 426 

com. tincture, 220 
monobTOmated, 426, 503 
Camphoric acid, 426, 431 
r Ctophorol, 426 
. Canada balsam, 86 
Canadian hemp, 436 
moonseed, 59 
Qinadine, 65, 229 
Cane sugar, 54 
Cannabin, 232 
Caiinabinol, 232 
- Cannabis Indica, 232 
Canquoin’s paste, 686 
Cantharidin, 89 
Cantharis, 89 
Caoutchouc, 728 
Capsicum, 72, 93 
Capsule, supmrenal, 459 
^ Capsules, 31, 41 
Gamway, 67 
Carbo, 578 

Carbolic acid, 385, 393, 397 
Carbon, 678 

tetmchloride, 179 
Carbonates, 540 
Carbonic acid, 580 
Carbylamine, 239 
Cai’damom, 67 
Cai-dol, 92 
Carica, 707 
Carlsbad salts, 537 . 

. Carminatives, 62, 72, 74 
Gamiferrin, 668 
Ca rolina jasmine, 263 
Carragheen, 48 
Garx-on bilj 570 
Carum, 67 
CaryophyUuxn, 67 
: Caryophyllus, 67 
: Casca Dark, 436 
Cascara sagrada, 102 
Gascarilla, 70 
V Cdssia acuti^^ 

angustiiblia, 101 
fistula, 64 
vv. purging,54 
Cassias pulpa, 54 
Castile soap, 727 
Castor oil, 97, 720 
Catalase, 588 

Cataplasma, 41. See Poultices. 
Catechu, 112 
Cathartics, 94 
saline, 530 
Cathai’tin, 99 
Cations, 484 
Caustic, lunar, 690 
mitigated, 690 
potash, 545 


INDEX. 


Caustic soda, 546 
* toughened, 690 
Cayenne pepper, 72 
Cephaeline, 339 
Cephaelis, 339 
Cephalanthin, 422 (note) 
Cem,51,727 
Cerates, 30, 40, 727 
Ceratum, 61 

camphorse, 87 
Cerberin, 437^ 

Cerium, 695 
Cetaceum, 51 
Getraria, 48 
Cetmric acid, 48, 59 
Cetrarin, 67 
Cevadilla, 334 
Cevadilline, 334 
Cevadine, 334 
; Cevine, 334 
I Chalk, 671 

Chalybeate prepamtions, 664 
, Chamjclirium, 347 
Chamomile, 67 
Champagne, 146, 5S0 
Chams, 232 
Charcoal, 677 
>jPhar1^ 41 
Chauimoogm, 93 
Chavicine, 72 
Chavicinic acid, 72 
Clieiranthin, 437 
Cheiranthus, 437 
Ghelerythrin, 227 
Chelidonine, 227 
Chelidonium, 227 

Chemical ^iomposition and action, 24 
Chenopodium, 124 
Cherry, Vli-ginian, 68, 238 
water, 72 

Children, dose for, 25 
• Chili saltpeter, 528 
Chillies, 73 
. Chimaphila, 77 
China phenine, 364 
Cliinotropine, 549 
Chimta, 68 
Chiretta, 58 
Chloracetic acid, 127 
Chloral, 127, 186, 192. 

Chloralamide, 127, 190, 193 
Chloralformamide, 190, 193 
Chlomlose, 127, 191 
Chlorates, 522 
Chloretone, 127, 191, 193 
Chlori, liquor, 583 
Chlorides, 486 
Chlorinated lime, 583 
soda, 583 
Cliloiine, 582 
Chloiodyne, 180 
Chloroform, 86, 127, 153, 177 
Chlorphenol, 386, 397 
Chloruin, 683 
Chocolate, 244, 258 
Cholagogiies, 94, 96 







Chondrc^endmip/S^^ 

■ : GhQtidru% '^S-C V- ■ ■ r/ 

Chiistinas iNc>a9^43fe 

Ghrpijaicicid, 891^499 
Chi^piiciitim, 699 ^ i 
ChiPmothemp^utics;^ 423 
Ghiysambin. 102 , :- > ’ 

: Chtysophanlc add, 99, 1(^2 
Chiysotoxin, 473 . 

Chiir^s^i32 

Cicutoxin, 432 
Cinchona, 363 
red, 353 (note) 
Cinchonamine, 353 (note) 
Cinchonidine, 353 
Cinchonine, 363 
Cineol, 120 
: annaldehyde, 71 
Cinnamic acid, 386, 419, 420 
aldehyde, 71. 

Cinnamorauin camphora, 426 
Cinnamon, 67 
Cinriamyl-cocaine, 298 
Gitiutes, 550 
Citric acid, 564 
Citrine ointment, 654 
Citrophen, 370 
Citrullus colocynthis, 104 
Claivets, 145 

Claasification of drugs, 41 
Claviceps purpurea^ 472 
Cloves, 67 
Clysma, 41 
Clyster, 41 
Coal-tar, 405 
Cobalt, 701 
Coca, 298, 306 
Cocaine, 298, 306 
Cocainization, intraspinal, 308 
subarachnoid, 308 
Cocamine, 298, 305 
Coccus, 55 
Cochineal, 55 
Cochlearia, 73, 88 
Cocoa, 244, 258 
Codamine, 206 
Codeine, 206, 216, 220 
Cod-liver oil, 722 
Coffee, 244, 252 
Coffeon, 252 
Cola, 244 
Golchicum, 343 
Cold, 85 

bath, 382 
■ ci'eam, 50, 69 
pack, 318 
Coleoptem, 89 
Colic, paintei-'s, 673 
^ Oolica pictbnum, 673 
satumina, 673 
Collodia, 30, 40, 728 
Collodium, 30, 40, 728 
cantharidum, 728 
. > . fle3#le, 728 
ir , Bt^ticurn, 112, 728 



Collodium veslcans,. 91, 728 
Colloid substances, 45 ^ 

as demulcents, 45 
as purgatives, 54 I ' V >- 
relations of, to salts, 483^ ^ 
Colloxylin, 728 
Colocynth, 103 
Cologne, eau de, 68 
Colophony, 87 ^ 

Columbo, 65 
Commiphora, 88 
Common salt, 486 
Compi'esses, not-water, 85 
Concusconihe; 353 (note) 
‘Ccaijdurango, 67, 59 . 

Condy^s fluid, 591 ■ 

Confectiones, 40 * \ 

Conhydrine, 259 
Coniine, 259, 326 
Conium, 269 ^ ^ 

Ck>njunctiya, applications to, 31 
Conquairamidine, 353 (note) 
Conquairamine, 353 (note) 
Cohquinamine, 353 (note) 
Conquinine, 353, 362 
Convallamarin, 435 
Cbnvallaria, 435 
Convolvulin, 103 
Convolvulus, 105 
Copaiba, 74 
Copaiva, 74 
Copper, 624, 680 
arseiftte, 604 
Coi‘al,572 
Coralline, 672 
Coriamvrtin, 432 
Coriander, 67 
Coriaria, 432 
Corncockle, 347 
Comsilk, 77 
Corasmut, 480 
Cornutine, 472 
Coronilla, 435 
Coronillin, 436 
Cori-osive sublimate, 660 
Cotamine, 229 
Coto bark, 58, 59 
Cotoin, 68, 59 

CottPnroOt bark, 480 , 

Cottonseed oil, 51 
Couchgrass, 48 
Counter-irritation, 78 
Court plaster, 728 
Cranesbill, 113 
Crede^s colloid silver, 691 
Creolin, 400 
Creosols, 386, 407 
Creosote, 387, 406 
Ci-esalol, 386, 412 
Ci*esol, 386, 399 
Ci^esotinic acid, 386, 417 
Crete, 571 , / 

pulv. cum. opio, 220 
Crocus, 55 
Crotin,721 

Croton-chloral, 127> 190 



Orotonoleic acid; 97 

- t)rucif^, 6il9 of| 61, 72^ 88 
Cryptopine; 206, 218 
,CWWn,% 

C^^er. 8d uMing, 103 
Cucuibita,-120^ 

C^lyeifs 

Oumulatiye effects, ‘28 
Cilpmtin, 683 
'Cupi-ea, 353 
Cupric sulphate, 682 
• Gupi’ohseraolj 682 
Ourapoa, 72 . 

Curar^ 254, 320 . 

Cumrine, 264 
' Cui*d soap, 727 
Ctirine, 254 
Currier^s sumach, 432 
Cuscamidine, 353 (note) 
Cuscamine, 353 (note) 
Ousconidiiie; 353 (note) 
Cusconine!, 353 (note) 
Cusparla, 59 
Cusso, 118 
Cutol, 697 
Cuttlefish, 572 
Cyanides, 238 
Cyanogen, 238 
Cyclamen^ 347 
Cynoctonme, 332 
Cypripedium, 67 
Cy tiSus scoparius, 264 

D andelion, 58 

Daphne mezeij^um, 95 
Datura, 277, 291 

Dead tongue, 432 
Deadly nightshade, 277 
Decoct^ 39 
Decoctioi^, 39 

De^neratioU) fatty, 591, 593 
Delirium tremens, 150 
Delphinium, 328 
Demulcents, 45 
Depression, depressants, 20 
Derivation, theory of, 78 
Dermatol, 694 
Dermol, 695 
Dextrins, 45 
Diacetylperoxide, 688 
Diachylon ointment, 50 
plaster, 677, 728 
, Diastase, 707 
Didymium, 495 (note) 
Diethylendiamine, 549 
Difiusion, ^1 
Digallic acid, 112 
Digestive ferments, 705 
Digitalein, 436 
Digitalin, 436 
Digitalines, 451 
Dig^taliresm, 432 


INDEX: ' 

Digitalis, 435 ■ :: 
cbmparisbn'Mh 
with antipyi^tics, 383 „ ! 

Digitonin, 47^ 436 ‘ 

Digitpphyllin, 436 
‘ Digitoxin, 486" ' 

Dihydfolutidine, 722 . 

; Dijl,t67--: . ' 

Dionea, 707 
Diohine,;216 
Diosphehoi, 77 
; Dioxide of hydrogen, 587 
Dipterocarpus alatus, 76 
Discs, 40 

Disease, eflfect of, on dose, 29 
Disinfectants, 385 
Dissociation of salts, 484 
Diterpenes, 61 
Diuretin, 251 
Dogwood, 422 (note) 

Donovan^s solution, 617, 661 
Dorema ammoniacum, 87 
Dormiol, 191 

Dose, conditions modifying the, 25 

Dover^s powder, 219, 220, 342 

Drastics, 94 

Dropwoii;, water, 432 

Drosera,"707 

Drugs, 17 

action of, 20 

chemical character of, 34 
classification of 41 

conditions modifying the eflfect of, 25 
definition of, 17 , 
elective affinity of, 22 
Diyobalanops, 426 
Diyopteris filix-mas, 117 
Duboisia Hopwoodii, 266 
myoporoides, 277 
Duboisine, 277 
Dulcamara, 347 
Dulcama line, 347 
Dulcin, 55 
Dusting-powdera, 53 
Dyes, aniline, 423 

E ASTON^S syrup, 363 , 

TCau de cologne, 69, 146 ' 
Ecballium, 105 
Eccoprotic, 94 
Eegonine, 276, 298, 306 
Effects of dings, conditions affecting, 25 
Effervescing purgatives, 537 
Eigon, 516 
Elastica, 728 
Elaterin, 103 
Elaterium, 103, 105 
EldeiHower, 67 
Elective affinity of drugs, 22 
Electuaries, 40 
Elerai, 88 
Elixirs, 39 

aromatic, 68 
Elm, slippery, 47 
Eloeoptene, 61 
Embrocations, 40 
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.'•-/.Emdacs,' 237 ' 

. Emetine 339 ' 

• Emodin, 99 
Eraollien 

Emplastra> 30, 41, 727 
Emplastrum ciedefaciens, 91, 728 
: £inul 3 a, 39 
Emulsin, 48, 67, 238 
Emulsions, 32, 39 
. Endermie, 33 
Enema, 31, 41 
, Epinephrine, 435, 449 
Epsom salts, 536 ■ 

Erbium, 495 (note) 
Ergoelirysin, 473 
Ergot. 472 
Ergotin, 477 
Ericolih, 77 
Erigeron, oil of, 68 
Errhines, 31 

Erythrol tetranitmte, 464, 469 
Erythrophoeine, 436 
Erythrophlmum, 435 
Ery throxy Ion , 306 
Eseridine, 320 
Eserine, 320 
Essences, 71 

of volatile oils, 69 
Essential gils, 61 
Estera, 127 

Ether, 71, 126, 153, 177 
acetic, 71, 180 
nitric, 464 
nitrous, 464 

Ethereal oils, 61, 86, 387 
salts, 127 

Ethyl alcohol, 126 
bromide, 128, 178 
carbamate, 193 
chloride, 177, 179, 181 ) 
ether, 127 
nitrite, 65, 470 
oxide, 177 

Ethylene bromide, 178 
chloride, 127, 177 
Ethylidene chloride, 127, 177 
Ethylmorphine, 216 
Eueaine, 310 
Eucalypti gummi, 113 
Eucalyptol, 70, 401 
Eucalyptus, 66, 67 
oilof, 68, 401 
Eiidoxine, 519, 696 
Eugenpl, 71 
feimydrine, 291 
Euonymin, 103, 437 
Euonymus, 103, 105, 437 
Euphorbin, 93 
Euphorin, 370 
Euquinine, 364 
Europhen, 519 
Eurotium oiyzse, 708 
Exalgine, 369, 380 
Exodin, 102 

Expeetpra^b?, nauseating, 237 
/&tocti^"$0' ■■■■ 


Extracts, animal, 710 

. fluid, liquid, 39 - 

Extractum aromaticum fluidum, 71 

P ABTANA, 77 
Fats, 49 
Fatigue, 265 

Fatty degenemtion, 691, 593 
Fel bovis, 710 
Fennel, 67 

Ferments, digestive, 705 
FeiTatin, 668 
Ferric preparations, 664 
salts. See Iron. 

Ferrocyanides, 239, 530, 539 
Ferrous preparations, 664 
Ferruginous preparations, 665 
Ferula, 73 

gaibanum, 87 
Ficus, 54 
Figs, 54, 707 
Fmcic acid, 116 
Filix mas, 116 
Flavaspidic acid, 116 
Flavormg substances, 54 
Flexible collodion, 728 
Flowers of sulphur, 676 
Fluorides, 521 
Flying blister, 92 
Fceniculura, 67 
‘ Formaldehyde, 423 
Formaline, 423 
Formatefci} 550 
‘ Formic acid, 563 
' Fowleris solution, 617 
Foxglove, 435 
Frangula, 99, 102 
Frangulin, 99 . 

Frankincense, 85 
Friaris balsam, 419 
Fruit juices, 559 
Frumenti, spiritus, 146 
Fnllei'^s earth, 53 
Fumigation, mercurial, 648 
Fusel oil> 144 

G ADUS, 722 

Oalbanum, 73, 87 
Galipine, 59 
Galla, 113 

Gallacetophenone, 403 
: Gallal, 697 
! Gallic acid, 109, 112 
Gambir, 112 
Gamboge, 103 
Ganja, 232 
Garcinia, 105 
Gargarisma, 31 
Gaigle, 31 
Gas, laughing, 182 
GaultherisB, oleum, 68, 413 
Gelatin, 569 
capsule, 41 

Gelsemine, 195, 202, 263 
Gelsemium, 259, 263 
General Action, 23, 31 





General anaesthetics, 163 
G^to^urinary ^sinfecta&g, oils used as, 

^ Gentian, 58 * 

Geraniuui, 113 
V: Gfertina, 48 
Gija monster, 721 
Gin, 72, 145 
Ginger, 68, 72 
Gland extiacts, 711 
Glandulae suprarenales, 462 
Glaubers salt, 536 
Glucose, 54 
Glucosi, syrupus, 54 
Glucosides, 36 . 

Glusidum, 66 
Glycerin, 40, 51 
/ trinitrate, 464, 469 
r Glycerites, 40 
Glyceritum amyl, 51 
vitelli, 51 

Glycemphosphates, 539 i 

Glycerylis nitras, 470 ■ 

Glycol, 126 

Glycosides, 36 

Glycyrrhiza, 48 

Glycyrrhizin, 48 

Gnoscopine, 206 

Goa powder, 102 

Gold, 698 

Golden seal, 229 

Gonolobus, 59 

Gorite, 589 

Gossypii, radicis cortex, 480 
ibminis, ol., 51 

Goulaixl^s extract, cerate, lotion, 677 
Granatum, 19 
Grape cine, 59 » 

Gray oil, 653 
powder, 652 

Greens, Scheele’s, Schweinfurt^s, Paris, 
604 > . 

GiegorVs powder, 100 
Grey ou, 653 
j)owder, 652 
Grimth^s mixture, 666 
Guaiacol, 386, 407 
carbonate, 386, 407 
salol, 412 
Guaiacum, 87 
Guarana, 244, 251 
.Gum, 37, 45 
arabic, 47 
Gum-resins, 37 
Gun-cotton, 728 
Gurjun balsam, 76 
Gymnema silvestie, 302 (note) 

Gymnemic acid, 302 (note) 

Gynocardia, 93 
Gypsophila, 347 
Gypsum, 572, 728 

H iEMATOGEN, 668 
Hasmatoxylon, 113 
Hsemogallol, 669 
Haemoglobin, 669 


Haemol, 66ft 
Hagenia, 18 
Hamamelis, 113 
Haid soap, 727 
Hamack’s experiment, 323 
Hartshorn, spirit of, 552 * 
Hashish, 232 
Heat, 86 

Heavy metals, 621 
Hedeoma, 67 
Hedonal, 127, 191, 193 
Hellebore, gieen, white, 334 
Helleborein, 436 
Helleborus niger, 435 
Heloderma, 721 
Ilemidesmiis, 351 
Hemlock, 259 
water, 432 

Hemp, Canadian, 435, 452 
Indian, 232 
; Henbane, 277 
i Hcpar siilphnris, 575 
; Hesperidin, (59 
Heteroxanthine, 244 
Ilenainethylenamine, 425 
Hexylamine, 722 
Hock, 145 

Hoffmann's anodyne, 180 
Holocaine, 311 
Homatropine, 277, 290 
Hornococamine, 298 
Homochelidonine, 227 
Ilomocinchonidine, 353 (note) 
Homoisococaniine, 299 
Honey, 39, 54 
Hops, 68 
Hordeum, 48 
Horehound, 67 
Horaeradish, 69, 72 
Hot compresses, 86 
Hum ulus, 59 
Hunyadi-janos, 537 
Hydragogues, 94 
Hydrargyrum, 640 
Hydrastine, 229, 230 
Hydrastinine, 229, 230 
Hydrastis, 229 
Hydrates, 540 
Hydriodic acid, 510 
Hydrobroraic acid, 504 
Hydrochloric acid, .561 
Hydrocinchonine, 353 (note) 
Ilyffrocotarnincj 206, 217 
Hydrocyanic acid, 2SS 
Hydrofluoric acid, 521, 562 
Hydrogen^ antimoniuietted, 633 
arseniuretted, 616 
dioxide, 687 
ion, 655 
peroxide, 587 
phosphuretted, 592 
sulphuretted, 575 
Hydroquinidine, 353 (note) 
Hydroquinine, 353 (note) 
Hydroquinone, 77, 385 
Hydi-osulphuric acid, 575 



Hygrine, 299 (note) 
Hyoscine, 276, 289, 292 
Hyoscyamine, 276, 288, 292 

■ .Hypertoiliic sblutions, 482 

: 192 ^^^^^ 

A ftypnone, 127, 192 
|pn<^186^.^ 

: Hypodermic iiijection, 33 
^ 630 

: liyj^phys^ extract of, 718 
^ 'Hyjpoquebrachine, 352 
^ v flyposulphitesj 629 
'• B:^toiuc solution, 482 

I CELAND moss, 48, 69 
Icythyocolla, 728 
Ichthyoid 387, 407 
Idiosyncrasies, 27 

Ilex, Paraguay, 244 
immunity, 28, 720 ^ 

India-rubber, 728 
Indian cbm, 78 
hemp, 232 
tobacco^ 275 
Indirect action, 23 
Infiltration ansGsthesia, 307 
fatty, 592 

Infundibular body, 718 
Infusa, 39 
Infusions, 39 
Ingluvin, 707 
Injection, hypodennic, 33 
intravenous, 34 
subcutaneous, 33 
Insect poisons, 721 
Internal secretions, 710 
Intestine, absorption from,. 32 
^Intraspinal cocainization, 308 
Intravenous injection, 34 
Inunction. 33, 646, 653 
lodalbumin, 716 
lodates, 625 
Iodides, 606 
Iodine, 613 
lodipin, 616 
lodism, ^6, 514 
Iodoform, 517 
Iodol,619 
lodolen, 516 
Iodolum,520 
lodbspongin, 716 
lodothyrin, 711 
lodum, 515 
Ions, 484 
Ipecacuanha, 339 
Xpecacuanhse pulyis co., 220 
cum sell la, pil., 220 
Ipomoea, 105 
Irish moss, 48 
Imn, 624, 655 
■■=4-''V.ais!^atjJ,-617 ^ 
i . hylophosphite, 63Q 
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Irritants, skin, 78 

Iriiimi|bh,i20^ " 

I^glass, 728" ■ ^ 

Isoamyl alcohol^ tertiary^ 126 
Isobutyl nitrite, 468 , 

Isococamine, 298 
Xsolichenin, 48 
Isonitriles, 239 
Isopelletierine, 119 
Isopilocarpine, 311 
Isopml^ 192 
Isopumcine, 119 
Isoquinoline, 35, 262 
Isotonic solutions, 482 
Itrolf 691 
Ivy poison, 92 

J ABOEANDI,31i,817. 

Jaborine, 3U (note) 

Jalapa, 105 
Jalapin, 103 
Jambul, 725 
James’ powder, 633^ 

Japaconitine, 328 
Jasmine, yellow or Carolina, 263 
Jateorhiza, 58 
Jatropha, 97 (note) 

Javelle’s solution, 583 
Jecoris asellij oleum, 724 
Jequirity, 721 
Jervine, 334, 339 
Jesuit’s 419 
Juices, 40 

Juniper, empyreumatic oil of, 405 
oil,^ 68 
sabina, 86 
tar oil, 406 

T7AIRJNE, 369 
JV Kairpline, 369 
Elali hut, 320 

Kamala, 120 ; : ' 

Kaplinum, 63, 727 ^ 

Kation, 484’ ’ ' 

Kavarlmva, 73 /' . ;■ 

K^ne, 179 ;■ 

Keratin,727 
Kermes mineral, 633 
Ketbiies, 127 
Kino, 113 

pulvis comp., 220 
Kirschwasser, 72 
Kola, 244 
Kombe, 436 
Kosotoxin, 118 
Kousso, 118' 

Kirameria, 112 
Kresamine, 400 
Kryofine, 370 
Kummel, 72 

T ABARRAQUFS solution, 683 
Li Lactates, 660 
Lactation, medication during, 26 
Lactic acid, 664 
Lactophenine, 370, 380 



■■'■'iiticitpse, i 

I I^ctaca,. 234 ; 

*^^ctucai»Jmn,^^2 

]^olin,W 
Lanthanum, 495 (note) 
Lanthopine, 206 
Lappaconitine, 332 


T CA 


X^OXM, UV 

. oil of, 61 
Largin, 691 

Larynx, application tp, 31 
Laudanine, 206, 217 
Laudanosine, 206 
Laudanum, 219, 220 
Laughing ^s, 182 
Laurel, 67, 238 
camphor, 429 
leaves, 67, 238 
water, 69 

Laurocerasi folia, 67, 70 
Laumcerasus, 238 
Lavender, oil of, 68 
Laxative, 94 
Lead, 624, 670 
iodide, 61 

palsy and arsenic, 607 
plaster, 728 
Lemon, 67 

essential salts of, 664 
juice, 564 
•oil of; 68 
Leptandra, 106 
Leptandrin, 103 
Lettuce, 234 
Levant wormseed, 122 
Leyico water, 617 
V Lichenin, 48 
Lily of tne valley, 435 
Lime, 564, 670 

chlorinated) 683 
hypophospnite, 630 
juice, 664 

phosphate, carbonate, 63 
sulpnumted, 576 
Limonis cortex, 67 
Lini oleum, 51 ; 

Liniments, 40 
Liniment um caraphoTO, 86 
chloroformi, 86, 180 
saponis, 86 
Linseed, 47 
oil, 61 
Liniim, 47 
Lipanin, 723 
liqueurs, 67, 71 
Liquidambar, 419 
Liquidextracts, .39 
Liquor antisepticus, 579 
epispasticus, 91 
, ' hydrogenii dioxide, 689 
^ Liquores, 39 
Liquorice, 48 


Litharge, 677 
Lithium, 495 
benzoate, 4l9 
bicarbonate; 645 
bromide, 504 
carbonate, 545 
citrate, 636 
hydrate, 546 
salicylate, 413 
liver of sulphur, 575 
Lizaid, poisonous, 721 
Lobelia; 275 
Lobeline, 266, 275 
Local action, 23 

ansesthesia, 180, 307 
Logwood, 113 
Loretin, 519 
Losophan, 579 
Lotions, 39, 653 
Lozenges, 31, 40 
LugoPs solution, 616 
Lunar caustics, 690 
Lungs, absorption from, 32 
aaministration by, 30 
Lupine, 264 fnote) 

Lupinine, 264 (note) 

Lnpulin, 68 
Lupulinic acid, 57 
Lupulus, 58 
Lycaconitine, 333 
Lycetol, 549 
Lycopodium, 53 
Lysidine, 549 
Lysol, 400 
Lytta, 89 

M ace, 68 

Magisterium bismuthi, 693 
Magnesia, 536 
fluid, 536 
Magnesium, 535 
carbonate, 536 
chloride, 630 
citmte, 530 
oxide, 530 
peroxide, 590 
salts, 535 
sulphate, 536 
Maize, 78 

fungus of, 480 
Malakine, 370, 380, 412 
Malates, 530 
Male fern, 116 
Mallotus, 120 
Malonates, 554 
Malt, 54 

enzyme, 707 
extract, 707 
Maltine, 707 
Maltzyme, 707 
Mandragom, 277 
Mandmgorine, 277 
Mandrake, 277 
Manganese, 700 
Mangani dioxidum, 700 
Manicheel tree; 93 
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Manbitbl hexanitrate, 4^ 

V Mari‘ubium, 67 
Mai’shmallo)^ 47 
■''Mas8a,-4'0.- V. ■ 

Mastichej 102 
g; Mat4, 244 50 

t Materia inedica, definition of, 19 
Matico, 76 
. Matricaria, 67 
Maydis iistilago, 480 . 

Meals, influence of, on dose, 26 
Meconic acid, 206 
Meconidine, 206 
Med waters, 38 
: :^edication, local, 30 
:;Wel,'54- 
Mellita, 39 
Menispermum, 6t5 
cocculus, 431 
Menstniation, 26 
Mentha, 67 
Menthane, 426 ' 

Menthol, 71, 426, 429, 728 
Milfcurialism, 637 
Mercury, 621-628, 634 
iodide, 510, 651 
sozoiodolate, 519,^654 
Iteesotan, 416 (note) 

Metacresol, 399 
Metadinitrobenzol, 421 
Metals, heavy, 621 
minor, 698 
Metaphosphates, 535 
Methacetine, 370 ■ 

Methyl alcohol, 144 
bromide, 179 
chloride, 181 
coniine, 259 
hydro(juinone, 77 
morphine, 216 
salicylate, 68, 386, 412 
strychnine, 258 
^Methyl-arbutin, 77 
Methylal, 127 
Methylamine, 499 
Methylatropine, 291 
Methylene bichloride, 178 
blue, 423 

Methylis salicylas, 413 
Methylthionin, 423 

MeyeiOverton theory of narcosis, 20, 127, 

i66 ' 

Mezeal button, 228 
Mezcaline, 228 
Mezereuin, 92, 93 
Milk of lime, 571 
sugar of, 54 
of sulphur, 576 
Mindererus, spirit of, 553 
Mineral waterc, 576, 582, 668 
alkaline, 547 
: iron, 666 
Mint, essence of, 72 
Mistui'se, 39 
! Mithndatisrn, 27 
f Jilili^ted caustiic,^ 690 


Mi^tiUse, 89 ; 

■ ". biil^, 48- 
Molass^ 54 ■ ■ ■ 

Molybdenum, 701 
Monkshood, 328, 333 
Monobromated camphor, 426, 503 
Monochlorphenol, 386, 397 
Monsel’s solution, 665 
Moonseed, Canadian, 59 
Morphine, 206, 218 

compi^rison with antipyrine, 383 
poisoning, atropine in, 295 
Morphinism, 225 
: Morpholine, 206 
Morrhuse, oleum, 724 
Morrhuine, 722 
Morrhuol, 723 
Moschus, 431 . 

Mouth, administration by, 30, 31 
: Muawinc, 437 
Mucilages, 39, 47 
: Mucuna, 320 
Muriatic acid, 561 
Muscale buttons, 228 
I Muscarine, 311, 326 
^ Mushrooms, 31 1 
: Musk, 74, 431 
Mustard, 72, 88 
1 Myoctonine, 333 
Myristica, 67 
Myronate, 88 
My rosin, 88 
Myroxylofi, 419 
: Myrrha, 88, lt)2 

N APHTHALABT, 387 
Naphthalene, 385, 402 
Naphtalol, 412 
Naphthylamine, 421 
Naphtol, 385,403 
Narceine, 206, 217 

Narcosis, Mayei^Oveiton theory of, 20 
127, 166 V • 

; Narcotics of methane seriesj 126, 186 * 

. Narcotine, 206, 217, 229 
: Nectandrw qortex, 59 
Neriin, 436 
Neriodorip, 436 
Nerium, 435 
Neroli, oil of, 68 
Neurpdine, 370, 380 
Necfcnal, t93 
Newt, 432 
Ngai-camphor, 426 
Nickel, 701 
'Nicotiana,: 266, 273 
Nicotin, 266, 326 
Nightshade, black, 347 1 
deadly, 277 ' 

Nitrates, 464, 527 
' Nitre, 528 

sweet spirits of, 469 ♦ 

Nitric acid, 500 
ethem, 464 
Nitriles, 239 
Nitrites, 464 



-Nitrc^bodies, 464 
I Nitroethane,' 464 
• Nitroglycerin, 464, 469 
and digitalis, 466 
Nitrohydmchloric acid, 661 
NiAmethane, 464 
Nilrous ether, 464 
oxide, 182 

Nose, application to, 31 
Nosophen, 519 
Nut-gall, 113 
Nutmeg, 67 

Nuts, fiirbadoes, 97 (note) 
purging, 97 (note) 

; . ; Nux vomica, 196 * 

white, 113 
poison, 92 
Octane, 126 

Gl^naiithic ethera, 72, 129, 146 
CEnanthotoxin, 432 
CEiianthylates, 550 
Oil. See Oleum, 
cod-liver, 722 
cotton-seed, 51 
♦ fusel, 144 
of rose® 67 
Oils, 49, 51 

essential, 61 
ethereal, 61 
purgative, 97 
volatile, 61 
Ointments, 30, 40, 60 
Olea^ 61 
Oleander, 435 
Olcandresin, 432 
Oleandrin, 436 
Oleates, 40 
Oleites, 351 

. Oleoresin zingiberis, 68 
Oleoresins, 37 
Oleum adipis, 51 

amygdala amarse,^ 67^ 238 
' expressum, 51 , 
anethi, 68 
anisi, 68 

aprantii florum, 68 ' 
bergamottae, 68 
betulfie, volatile, 68, 412 
cadiniim, 405 
cajuputi, 68 

carui, 68 4 

caryophylli, 68 
chenopodii, 124 
cinereum, 653 
cinnaniomi, 68 
copaibae, 76 % 

coriandri, 68 ' ■ 

crotonis, 97 
cubebffi, 76 
erigerontis; 68 
eucalypti, 68 
foeniculi, 68 
gaultheriae, 68, 412 
gossypii seminis, 51 


Oleum hedeomsB, 68 
jecoris aselli, 724 
juniperi, 68, 86 
lavandulse dorum, 68 
limonis, 68 
lini, 61 

menthae piperitaj, 68 
viridis, 68 
morrhuaB, 724 
myrcise, 68 
myristicae, 68 
olivae, 61 

phosphomtum, 601 
picis, 405 
pimenta;, 68 
pini, 86 
ricini, 97 
roste, 68 
rosinarini, 68 
sabinsB, 68, 86 
santali, 76 
sassafras, 68 
sinapis, volatile, 89 
tercDinthina?, 86 
theobroinatis, 727 
thymi, 68 
tiglii, 97 • 

Olive oil, 46, 51, 723 
Oophorin, 719 
Ophelic acid, 58 
Opianic acid, 229 
Opium, 206 

Oningo flowem, oil of, 68 
peel, 67 ’"f 

wine, 145 

Oixleal bean, 320, 324 
Orefine, 59 
Organic acids, 563 
iron, 655 

Organotheiapeutics, 710 
Orphol, 695 ,, 

Orpiment, 603 
Orthocresol, 399 
Orthoform, 310 
Orthophosplidtep, 535 
Oscine, 276 
Osinjc acid, 702 
Osmosis, 482 
Osmotic pressure, 482 
Otto of roses', 68 
Ouabaio, 436 
Ou^paria, 112 
' Oxalates, 553 
Oxalic acid, 564 
Oxgall, 710 
Oxybenzoic acid, 417 
Oxygen, 686 
Oxymel, 39, 64 
Oxynaphtoic acid, 386, 417 
Oxynarcotine, 206 
Ozone, 586 

P ACK, hot, cold, 318 
Palmitates,, 550 
Palsy, painters^ 673 
I*anama bark, 351 







/■■Papajai-TO^ 

Td^yer^ 

Papaveris capsulffi, 220 
; Pajidver tho^ 65 

V {HvTO 206 

Papayotin^ 707 
7 PapeMi 41 
Papoidj 707 
' Paiucotoina, 58 
I^raci’eapl, 399 
Paraffin, 60 
Paraforra, 424 
Paraffuay tea, 244 
Paraldehyde, 127, 189, 192 
Paralysis, definitipn of, 21 

and fatigue, ralation between, 255 

Paraxanthiiie, 244, 252 
Pai*ej;pric, 219, 429 
Pareira, 59 
PariUa, yellow, 59 
Parillin, 347 
Paris green, 604 

plaster of, 672, 728 

Pathological conditions modifying dose, 
29 

Paullinia, 244 
Pawpaw, 707 
Payta, 352 
Paytaiiine, 362 
Peaiaon^s solution, 616 
Pelletierine, 119 
. Pellitory, 72 
Pellote, 228 
Pennyroyal, 67 
oU, 67 

Pental, 126, 178 
Pentane, 126 
Pepo, 120 
Pepper, 72, 93 
black, 72 
Cayenne, 72 
. /Peppermint, 67 
oilof,68 
Pepsin, 705 
Pepsinum, 705 
Peracids, 588 
Perchlorates, 526 
: Perciiloretjiane, 179 
; Permanganates, 689 
Peionine 216 

V Pero3cide of hydrog^^ 

Peroxides, 689 
Peraodine, 589 

i>]Per8ulphate8, 589 
-^^i>eru, balsam of, 419 
/Petrolate, 50 
''V^Petroteuin, 50...-, 

'■ >peyo'tl, 2jS|8 

jPbarniacognosy, 19 


Pharmacological action and chemical stnict- 
■■.■:Ure,^24. :,c 
Pl^macolb^^ definition ofi and , relation^ X 
to biolo^ and clinical subject^ 17^19 f 
Pharmacopoeia, 37 
Pharmacy, 19 
Pheasant’^s eye, 435 
Phenacetihe, 370, 380 
Phenanthren, 206 
Phenazone, 380 
Phenetidines, 370 i 
Phenetol, 386 
Phenbcoll, 370, 380 
Phenol, 385, 393, 397 
Phenylhydrazine, 369 
Phenylis salicylas, 414 
Phloratin, 725 
Phloridzin, 726 
Phosphates, 535 
Phosphidum zinci, 601 
Phosphine, 601 
Phosphorated oil, 601 
Phosphoric acid, 562 
Phosphorus, 691, 601 

sei^uisulphide, 593 (note) 
Phosphuretted hydrogen, 592 
Physostigma, 320, 324 
Physostigmin, 320, 324 
Phytolacca, 434 
Phytolaccatoxin, 432 
Pichi, 77 

Pieis liquidflB, oleum, 405 

emplllstrum cantharidatum, 91, 728 
Picrsena, 58 , 

Picric acid, 421 
Picroaconitine, 328 
Picropodophyllin, 103 
Picrotin, 431 
Picrotoxin, 431 , 

Pills, 40 

cathartic vegetable, 105 
compound cathartic, 105 
Pilocarpidine, 311 \(notC) 

Pilocarpine, 311, 326 
Pilocai-pus, 311 
Pilul»,40 

cathartic vegetable, 105 
compositse, 105 
Pimenta, 67 
Pimperael, scarlet, 707 
Pimpinella, 67 
Pineapple, 707 
Pink-root, 123 
Pinus, 86, 405 
Piper, 72 

angustifolium, 76 
cubeba, 75 
Piperazine, 649 
Piperidine, 72, 259, 262 
Piperine, 72 
Pipirinic acid, 72 
Pipsissewa, 77 
Pitch, Burgundy, 86, 728 
plaster. 86, 728 
Pituitaiy gland, 718 
Pituri, 260 



;^7HfcBflrgttndica,y96 . . 

I cai^bonis and liquida, 40^ 
• Plastera, 30, 41, 727 
warming, 91 
; Platinum, 698 
PJum stones, 238 
. Pluiiibi Buppositoria, CO , 220 
cum bpio, pilula, 220 
Plumbum, 670 
; Plummer's pills, 633 
1 Podophyllotoxin, 103 
: Pqdophjllum, 103, 105 
Poison ivy and oak, 92 
■ Poisons, 17 
. Pokeberry, 432 
Pokeroot, 435 
Polygala, 347 
; Polygalic acid, 347 
Polysolve, 351 
Pomegranate, 119 
Poplar, 413 
Poppy, red, 55 
Port wine, 145 
Potash, 540, 545 
^ water, 582 
Totassa, 545 

sulphurata, 575 
Potassium acetate, 550 
action of, 494 
areenite, 617 
bicarbonate, 545 
bichromate, 699 
bitartrate, 536 
biomide, 500 
carbonate, 545 
chlomte, 522 
chloride, 494 
citrate, 531> 536 
dichromate, 699 
ferrocyanide, 539 
hydrate, 545 
hydroxldum, 545 
hypophosphite, 530 
i&fate, 526 
iodide, 506 
lactate, 550 
malate, 531 
nitrate, 528 
nitrite, 464, 469 
oxalat^ 553 
perchlomte, 526 
permanganate, 589 
persulphate, 589 
phosphate, 531 
propionate, 550 
relation of, to lime, 568 
salts, 494 
sozoiodolate, 519 
sulphate, 535 
sulphide, 575 
tartrate, 531 
thiosulphate, 53Q 
valerianate, 560 
Potato, 347 
Poultices, 41, 85 


Powders, 40 

bleaciiihgij' 683 " 
dusting. 53 
Seidlit2,537 
Precipitate, white, 653 
Pregnancy, 26 
Preparations, alcoholic, 89 
aqueous; 38 
phamiacopoeial, 37 
Propionates, 650 
Propyl alcohol, 126, 144 
nitrite, 464 
Pmtargol, 691 
Protocuiurine, 254 
Protocuridine, 254 
Protocurine, 254 
Piotopine, 206, 218, 227 
Protoplasm poisons, 22 
Pixitovcratridine, 334, 337 
Protoveratrine, 334, 337 
Prune stones, 238 
“Prunes, 54 
Prunus amygdala, 48 
laurocerasus, 238 
Virginiana, 67, 238 
Prussic acid, 48, 68, 238 
Pseudaconitine, 328 
, Pseudohyoscyamine, 277, 290 
Pseudojervine, 334 
Pseudomorphine, 206 
Pseudostrophanthin, 436 
Psychotria, 342 
Pterocarpi lignum, 55 
Pterocarpus, 113 
Ptomatropine, 278 
Pulsatilla, 92 
Pulveres, 40 
Pulvis, aromatic, 71 
eflervescens co., 537 
Pumpkin seed, 120 
Punica, 119 
Punicine, 119 
Purine bodies, 244 
Purgatives, 93, 102 
anthmeene, 98 
effervescing, 537 
oily, 97 
saline, 530 
vegetable, 93 
Purging nuts, 97 (note) 
Pustulants, 78 
Pyoetanine, 423 
Pyrelhric acid, 72 
Pyrethrura, 72 
Pyridine, 35, 269, 262 
Pyrocatechin, 385, 396 
Pyrodine, 369 
Pyrogallol, 385, 402 
Pyrophosphates, 635 
Pyrovanadates, 701 
Pyroxylin, 728 

Q UAIKAMIDINE, 353 (note) 
Quairarnine, 353 (note) 
t^uassia, 58, 116 
Quassiin, 55, 57, 53 



;.Qybra.oh6j ’ 

IIS^- ■ 

: ; Qiuck^Teiv 634 , 

; iQuillaja^ 347 . 

Quinamine, 353 . ( note j 
Quince, Bengal, 69 
seeds, 48.'. 

Quinetqm, 364 
: Quinldine^ 368, 362 
;Quimc acad, 549 
Quintae, 363 

■ edm pared with antipyretics, 383 
hydrobromate, 604 
tasteless, 364 
Quihoidine, 364 
Quinoline, 35, 259, 262, 369 
Qiiinova red, 363 (note) 

: Quinovin, 353 (note) 

R ASPBERKY,64 
Realgar, 603 , 

Rectified spirits, 145 

Rectum, application to, 31, 34,40 

Regional antesthesia, 308 

Remijia, 353 

Remote action, 23 

Resin, 87, 728 

Resinous purges, 103 

Resins, 36 

Resopyrin, 69 

Resorcin, 385, 401 

Resorcinol, 401 

Revulsion, theoiy of, 78 

Rhamnus purshiana, 102 

Rliatany, 112 

Rheum, 100 

Rhceadine, 206 

Rhoeados petala, 55 < 

RhuWrb, 99 
Rhus glabm, 113 
radicans, 93 
toxicodendron, 92 
Ripin, 98, 720 
Ricinus, 98, 99, 720 
Roburite, 421 
Rochelle salt, 536 
Rosa, 67 
Rose petals, 67 
Christmas, 435 
Rosemary, oil of, 68 
Roses, attar, otto, oil of, 68 
Rosmarinse, oleum, 68 
Rottlerin, 120 
Rubefacients, 78 
Rubidium, 495 
Rubijervine, 334 
Rubus, 113 
idseus, 54 
Rum, 72, 145 

Q ABADILLA, 334, 339 
" ^badine, 334, 339 
ISabina, 67, 86 


i Saeidiarum iaclia, 64 ; ^ 

Safrol,.71 

Sage,‘65,67 

Salamander, alkaloids of, 36 
Salep, 48 
Salicin, 413 

Salicylates, 385, 386, 408 
Salicylie acid, 76 (note), 385, 386^ 408 
Sadine cathartics, 630 
Salipihen, 370, 380, 412 
&Llipyi*ine, 369 
Saiithymol, 386 
Salol, 386, 412 
Salophen, 370 
Salt action, 481 
common, 486 
of sori’el, 664 
Saltpetre, 528 
Salts, 481 ; 

dissociation of, 484 
ethereal, 127- 
purgative, 530 
smelling, 552 
Salumin, 697 - 

Salves, 30, 40 
Salvia, 67 

Sal volatile, siurit of, 562 
Samandarinc, 432 
Sambucus, 67 
Sandalwood, 74 
oil of, 74 
red, 5^ 

Sandera, 55 
Sanguinaria, 227 
Sanguinarine, 227 
Santalol, 74 . 

Santalum album, 76 
rubrum, 55 
Santonica, 122 
Santonin, 120 
Santoninoxim, 122 
Sapo, 86, 727 
Saponaiia, 347 
Saponin, 346 
Saporubrin, 347 
Sapptoxin, 346 
Sarsse radix, 361 
Sarsaparilla, 347 
Sarsaponin, 347 
Sassafras, 47, 67 
Sassy bark, 435 
Saturnine colic, palsy, 673 
Saunders, 55 
Savine, 66, 68, 86 
Scamraony, 103 
Schsenocaulon, 334 
Scheele’s green, 604 
Schleich^s infiltration anaesthesia, 307 
mixtures, 179 

Schmiedeberj^s classification, 42 
Sell weinfuitlvs green, 604 
Scilla,435 

pil, ipecac, cum, 220 
Scillain, 436; 

Scillotoxin, 452 



' Scierotimo add» 4^2 
Scoparin, 264 ' ; 

Scopdlamih^, my m, 292 
Scoppleine, 2^7, 291 
^pplia, 277, 291 

atropoides, 277, 291 
Scopoline, 276 
^arpion, 721 
Scurvy gra^s, 73 .. 


Secaline, 473 
Secalintoxin, 473 
Secretions, interaal, 710 
Sectirite, 421 
Sedine, 72 
Sedum acre, 72 
Seidlitz powder, 537 
Selenium, 702 
Semecarpus, 02 
Seiiega, 347, 351 
Senegin, 347 
Senna, 99, 101, 102 
Sepia, 572 

Septentrioualine, 332 
Serpentaria, 59 
Serpentary, 57 
Sesame oil, 51 
Sesquiterpenes, 61, 75 
Sevum, 50 

Sex, influence of, on dose, 26 
SheiTy wine, 145 
Sidonal, 549 
Silver, 624, 686 
colloid, 691 
nitrate, 686 
Sinalbin, 88 
Sinapis, 88 
Sinigrin, 88 

Size, influence of, on dose, 25 
Skinj application of drugs to, 30, 33 
irntants, 78 
Slippery elm, 47 
Smilacin, 347 
Srmlax, 347, 351 
Snake poison, 721 ' 

root, 59 

Soap, 86, 220, 727 
bark, 347, 351 
curd, 727 
hard, 727 
soft, 727 

Soaps, compound pill of, 220 
Soapwort, 347 
^caloin, 99 
Socatrine aloes, 101 
Soda, 545 

chlorinated, 583 
water, 580 

Sodte chlorates, liquor, 583 
Sodium acetate, 550 
arsenate, 617 
benzoate, 419 
bicarbonate, 545 
bisulphite, 530 
borate, 579 


j fk>dium bi’bipide; 50^^^ v 
butyrate, 550 
cacodylate, 618 (note) 
caprylate, 650 
carbonate, 545 
chlorate, 522 
chloride, 486 
citrate, 536. 
citrotartrate, 536 
ethylate, 545 
ferrocyanide, 531 ' 
fluoride, 521 
fluorosilicate, 522 
formate, 550 . 
hydrate, 545 
hydroxide, 545 
hypophospite, 530 
hyposulphite, 530 
iodate, 525 
iodide, 506 
lactate, 550 
malate, 531’ 
malonate, 554 
metacresotinate, 417 
nitmte, 528 
nitrite, 464, 469 
oenarithylate, 550 
orthocresotinate, 417 
oxalate, 553 
palmitate, 550 
pamcresotinate, 417 
perchlomte, 525 
pereulpliate, 589' 
phenolsulphonas, 417 
phosphate, 536 
proprionate, 550 
pyrophosphate, 636 
salicylate, 386, 408, 413 
silicate, 728 
Bozoiodolate, 519 
steamte, 550 
succinate, 554 
sulphate, 531, 536 
sulphide, 573 
sulphite, 530 
siilphocarbolate, 386, 417 
sulphovinate, 537 
tartrate, 531, 536 
thiosulphate, 530 • 
valerianate, 550 
Soft soap, 727 
Solanacese, alkaloids, 277 
Solanein, 347 
Solanine, 346, 347 
Solanidine, 347 
Solanum, 347 
Solutions, 481 
antiseptic, 579 
Solutol, 400 
Solveol, 400 
Solvines, 351 
Soporiflcs, 186 
Soncl, salts of, 564 
Sowbread, 347 
Sozoiodolates, 519 





Spani^ fly, 89 
^iteiiie, 259, ! 


ipartiumj 264 
Spearmint, 67 
oil of, 68 
^ermaceti, 51 
genuine, 719 ^ 

Sphacelinic acid, '472 
Sphacelotozin, 473 
Spider poison, 721 
Spigelia, 123 
/ Spirits, 71, 145 
; SpiritUs, 39 

fioimenti, 145 
rectiflc^atu^ 145 
. vini gallici, 145 
of volatile oils, 69 
: Splieen, extract of, 718 , 

Spruce fiVj iTorway, 86 
S^uills^^^ ^ 

■Squirting cueum 103 

SttiinnouB salts, 701 
Staphisagria. 328, 333' 

Star anise, 67 

Starch, 45, 48, 51, 53 
/ glycerite, 51 
V : Stayesacie, 328, 333 
^ Steamt^, 650 
/ iStearoptenes, 61, 426 
; StHpe, tuipentine, 87 
r Sterculia, %4 . . 

Sternutaitories, 31 
: St. Ignatius^ bean, 203 
y Stibine, 633 

Stimnlatipn, 20 . r 

Stomach and intestine, absorption from, 
32 , 

^ administration by, 30 
Stbnecrop, biting, 72 
Storax, 419 ■ 

: Stramonium^ 277, 291 
, Strontium, 572 
. bromide, 604 
Iodide, 510 , 

< lactate, 550 ^ . 

; mlicylate, 413 

Strophaiithus, 435, 451 , . , 

; Stracture, chemical and pharmacological 
/ action of, 24 
StrySiniiie, 195, 203, 218 

comparison with atropine and caneine, 
■ -279 

ydth digitalis,.455 ' 
with picrotoxin, 433 * 

Strychnos, 195, 203, 254 
Styptic collodion, 112, 728 
Stypticine, 231 
■ 1 ; Styrax, 419 ^ ^ , 

/ Subamchnoid cocainization, 308 
■ Subcutaneous injection, 33 
/ . Sublimate, corrosive, 650 

.:y-;|up4:40 . 

:; ■■ ■ jiSugar, 45, 64 


Sugar of lead, 670 
Sulphanilic acid, 512 
Sulphates, 636 ; 

Sulphides, 673 
SuiphiteS, 529 ‘". 

Suiphocarbolates, 386, 4l7, 685, ®5 
Sulphbnal, 127, 189, 192 
Sulphohniethanum, 192 . ' 

Suiphpnmethylmethanum, ■ 192 
Sulphbvinate, 637 ,/ . . y 

Sulphur, 673 , 

flqwers of, 676 . 
iodide, 516 

milk of, 676 ’> 

sublimated, 576 
washed, 676 
Sulphuretted hydrogen, 676 
Sulphui*ic acid, 560 
ether, 177 , 

Sulphuris,. hepaiv 676 
Sulphurotis acid, 662 
Sumach, 113 

Cunier^s, 432 

Sumbul, 73 . ' 

Sundew, 707 
Suppositones, 40 
Suppository, 31 
glycerin, 52 

Suprarenal capsule, extract of, 459 
Suprarennin, 459 
Swamp do^ood, 422 (note) 
Swertia cmrata, 58 
Synergists, 28 ^ 

Syrupus, 39, 64 
aromaticus, 70 
Systemic action, 23 
Syzygium, 725 

riUBELLiE, 40 ; 

1 Tablet -triturates, 40 
Taka-diastase, 708 ' / 

Talc, .53- 
Tamarind, 54 
Tanacetum, 68 , : 

Tangbinia, 437 
Tanghinin, 437 
Tannal, 697 
Taiinalbin, 113 
Tannic acid, 109 
Tantiigeh, 113 
Tannocol, 114 
Tannoform, 113 
Tannopin, 113 
Tansy, 68, 115 
Tar, 386, 405 
Tarantula, 721 
Taraxacum, 58 
Tartar, cream of, 635 
emetic, 79, 629 
Tariaric acid, 659, 564 
Tartrates, 531 
Tea, 244, 252 
Teel oil, 61 
Tellurates, 702 
Tellurium, 702 
Terebene, 86 



PerebindiiniGif 

Terpen^ 61, 86 - . ^ 

r^rpin Hydrate, 86 
IJes^^ extract of, 718 
j^rachlorido of carbon, 179 
Tetraiodpyrrol, 519 
Tetronal, .127, 191, 193 
"iWlline, 369,380 
Thallium, 701 
Thea, 244 

Thebaine, 195, 203, 206, ?17 
Theine, 244 {note) 

Theobroma, 244 
Thebbromitie, 244 
I^KeqoinC, 244 
Theoh. 253 
Theophylline, 244 
Therapeutics, 17 
Thermifugine, 369 

l^hermodin^ 370, 380 
!:The:«^ia> $5 
JTheyetmi 436 
? Thilahin, 576 
Thi;,^orai, 695 
Thiol, 387, 407 
Thiqsinamine, 577 
Thiosulphates, 530 
Tihomapple, 277 
. Thujoh, 426 . 

Thus Amencanmh, 85. 

Thyme, 66, 400 
Thymol, 66, 385, 400 
Thymblis iodidum, 520 
Thymosalol, 412 
Thymus extrimt, 718 
Thyreoglobulin, 711 ^ 

Thyreoipdin, 711 (note) 

Thyroid extract, 711 
Thyroidism, 715 

Tin, 6H TP1 

Tinctures, 39 . 

Tobacco, 266, 274, 281 
Indian, 266, 27p 
Tolerance^ 27, 720 
Tolu, balsam of, 419 
Toliiifera, 419 / 

- Toluol, 3|g^ 392 
ToIuUnall^tura, 419 
' Toluylen«|toe, 422 
Tootpbi^Wp2v 
Tbiighehed^|itetic, 690 
ToxalbuminTlS, 720 - 
^ Toxieodendrol, 92 
Toxicology, 17 
Toxiresin, 432 
Tragac^th, 47 
Trimpmphenol, 397 
Tricbloracetic acid, 563 
Tricblorphenol, 386 
: T^ 

; T^^ ^ . 

312, 499 

■; Tfimethylamine, 126, 7^2 
464 

■ ; Trinitn^ 

/■Trio 


^ticmn, 43 ^ , / 




,XTiiQpme,;iSvy . : ■ 

Trituratio, 40, 105 . 

Trituration, 4<) . 

Troches, 40 
Trochisci, 31, 40 
Tropacbeaine, 299, 306 
Tropeihes.277,290= 

Tropic acid, 276 
Tropine, 276 
Tubocurarine, 254 
Tuily^s powder, 220 
Tumenol, 387 
Tungsten, 701 ^ 

Turlington’s balsam, 419 
Turpentine, oil ofj 85 
Turpeth mineral, 653 

D LMUS, 47' ' 

Uncaria, 112 
tJncomocomo, 116 (note) 
Unguenta, 30, 40 
Unguentum, 50 
Upas tree, 435 
Uranium, 701 
Urari,254 
Urechites, 435 

Urethane, 127. 191, 193 _ • 
Urethra, ^ipplications to, 31 
Urethral suppositories, 40 
, Urginea iharitima, 462 . 

lUro8in,549 

ftJrotropine, 76 (note), 425 

tlrsion, 77 

Ltp^stilago,480 
' ms, applications to, 31 
ursi,77 

TTAGINA, applications to, 31 
V Vaginal suppositories, 40 
Valerian, 73. 

Vale^^^itcs, 551 ^ 

Vallet’s mass, 666 
Valyl,74 
Vanauiiim, 701 
Vanilla, 67 
Vanillin, 71 

Vaseline, 50 . 

Vegetable astringents, 109 
t cathartic pill, 105 
ferments, 707 
purgatives, 93 
Veratrihe, 334 
Veratrum, 334 
Verbascum, 48 
Vermicides, 115 
Vermifuges, 116 
Veronal, 127. 192, 193 ^ 
Vesicans, collodium, 728 
Vesicants, 78 
Vienna paste, 570 
Vina, 39 
Vinegar, 563 

medicated, 40 
Vini gallici, spiritus, 146 



.;;752 

; . Viniim album, 146/^, 

: r aurantii, 146 : ^ 

rubrum, 145 >, 

l-;,;:'vr-'^--xenc^.l46 , •.- 

.yioform, 619 : 

■■■■■■■■■:,■■■•■ Vio^^ ■■■■■.■'■■■■ 

Virginia cheny, 67, 239 
. prune. 67 ; 

- •Volatile oils, 61, 387, 426 

: 'WAHOO, 106,462 

I T Warburg’s tincture, 364 

Warming plaster, 91, 728 \ 

Wash;! black, 653 
yellow, 653 

Water, 486 
aeiated, 680 
: glass, 728 
nemlock,432 
potash, 680 , 
soda, 580 

Watering places, 492 
Waters, ii-on, 667 
medicated, 38 
I Wax, 51, 727 

Weight, influence of, on dose, 25 
Whiskey, 72, 145 
Willow, 413 
Wine, 145 

Wines, medicated, 39 
Wintergi-een, oil of, 68, 386, 412 
Witchhazel, 118 
Wood alcohol, 144 


IND EX. ; 

Wbod'-tev386::^^'V^^^ .. 

. '■ ■ Wbpmii, 264’ 

Wobiara, 264 • 

Wormiwed, Aniencah, 124 
Levant, 122 ■ 
Wormwood, 66j 426 
Wristdrop, 673 

X ANTHm,244 
Xanthopsia^ 121 
Xeroform, 696 
Xylol, 385, 392 

Y ellow jasmine, 263 
sight, 121 
wash, 653 
Yerba Mate, 244 
Young’s formula, 25 
Youpon, 244 
Yttrium, 495 (note) 

Z EA, 77 . 

Zinc, 624, 683 
Zinc chloride, 68o 
haernOl, 685 ‘ 
peroxide, 590 
phenolsulphonate, 686 
phospjtiide, 601 
sozoiodolate, 519 
sulphOcarbolate, 417, 685 
Zincum, 685 
Zingiber, 67, 72 
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